12 United States Patent

Nadarassin et al.

US009774094B2

US 9,774,094 B2
Sep. 26, 2017

(10) Patent No.:
45) Date of Patent:

(54) ANTENNA WITH SHAPED REFLECTOR(S),
RECONFIGURABLE IN ORBIT

(71) Applicant: THALES, Courbevoie (FR)

(72) Inventors: Madivanane Nadarassin, Toulouse
(FR); Julien Boudart, Toulouse (FR);
Laurent Levert, Toulouse (FR)

(73) Assignee: THALES, Courbevoie (FR)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 64 days.

(21)  Appl. No.: 14/874,067
(22) Filed:  Oct. 2, 2015

(65) Prior Publication Data
US 2016/0099504 Al Apr. 7, 2016

(30) Foreign Application Priority Data
Oct. 3, 2014 (FR) oo 14 02239

(51) Int. CL
HO4W 4/00
HO1Q 19/00

(2009.01)
(2006.01)

(Continued)

(52) U.S. CL
CPC ... HO1Q 19/00 (2013.01); HO1Q 1/288
(2013.01); HO1Q 1/50 (2013.01); HO1Q
3/2635 (2013.01); HOIQ 19/10 (2013.01);
HO1Q 19/13 (2013.01); HO1Q 21/06
(2013.01); HO4W 84/06 (2013.01); HOIQ
1/241 (2013.01); HOIQ 13/0258 (2013.01)

(58) Field of Classification Search
CPC .... HO1Q 13/0258; HO1Q 19/00; HO1Q 19/10;
HO1Q 19/13; HO1Q 1/241; HO1Q 1/288;
HO1Q 1/50; HO1Q 21/06; HO1Q 3/2635;
HO4W 84/06

USPC ... 455/9, 418420, 429, 4277, 431, 552.1;
343/779, 754, 915, 912, 834, 725, 765,
343/751, 756, 761, 781, 835, 840

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

5,945,960 A * §/1999 Luh ...l HO1Q 1/288
343/757
6,137,451 A * 10/2000 Durvasula ............ HO1Q 15/147
343/779

(Continued)

FOREIGN PATENT DOCUMENTS

4/1998
1/2007

FR 2 755 328 Al
FR 2 888 674 Al

Primary Examiner — Babar Sarwar
(74) Attorney, Agent, or Firm — Baker & Hostetler LLP

(57) ABSTRACT

The antenna 1s provided with at least one shaped reflector

and a primary radiating feed arranged 1n front of a reflector,
which 1s capable of generating a primary beam with a
footprint covering a nominal coverage zone. The antenna 1s
also provided with an adjustment device for the primary
beam of the primary radiating feed, whereby said adjustment
device incorporates a secondary radiating array comprised
of a number of elementary radiating feeds arranged around
the primary radiating feed, a beam-forming network con-
nected to the elementary radiating feeds which 1s capable of
synthesizing a secondary beam covering a secondary cov-
erage zone and having a footprint which 1s superimposed, at
least partially, upon the footprint, and a coupling device
connected to the primary reception chain of the primary
radiating feed and the reception chain derived from the
secondary radiating array.

7 Claims, 17 Drawing Sheets




US 9,774,094 B2
Page 2

(51) Int. CL
HO1Q 3/26
HO1Q 19/10
H01Q 21/06
HO1Q 1/28
H01Q 1/50
H01Q 19/13
HO4W 84/06
HOIQ 1/24
HOIQ 13/02

(56)

(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2006.01
(2009.01
(2006.01
(2006.01

LS N N N L L N N

References Cited

U.S. PATENT DOCUMENTS

6,219,003 B1*

6,678,520 B1*
6,836,658 B1*
7,161,549 BI1*
2005/0140563 Al*
2008/0303736 Al*

2011/0171901 Al*

* cited by examiner

4/2001

1/2004

12/2004

1/2007

6/2005

12/2008

7/2011

Chandler ............. HO1Q 15/148
343/779

Wwang ................. HO04B 7/18513
455/13.1

Sharon ............... HO04B 7/18523
370/323

Cuchanski ............. HO1Q 1/288
343/781 CA

Eom .........cocooeeiin, HO1Q 19/17
343/840

Leveque ................ HO1Q 15/16
343/834

Wyler ... HO1Q 1/1257
455/9



U.S. Patent Sep. 26, 2017 Sheet 1 of 17 US 9,774,094 B2




US 9,774,094 B2

Sheet 2 of 17

Sep. 26, 2017

U.S. Patent




U.S. Patent Sep. 26, 2017 Sheet 3 of 17 US 9,774,094 B2




U.S. Patent Sep. 26, 2017 Sheet 4 of 17 US 9,774,094 B2




U.S. Patent Sep. 26, 2017 Sheet 5 of 17 US 9,774,094 B2




U.S. Patent Sep. 26, 2017 Sheet 6 of 17 US 9,774,094 B2




U.S. Patent

18
/
N

h.

i
o

s d‘}“ o _rwawaﬂv"mau-nvnv;vav;vavavmu#u&va

Sep. 26, 2017

Y
L

/

3

Sheet 7 of 17

,ﬁuumiﬁ“ﬁﬁﬁﬁuwumwmﬁﬁﬁ
x N
A

»
¥

US 9,774,094 B2

'
o

oy
g
:
) - 'g
LU ¥ : 3 ’
1 . s .y iy 1__
. ; 4
‘ ' i LR B X E X J 1 -
‘ L] i * ﬁ 'ﬁ'ﬁ'ﬁ.ﬁ'ﬁ'ﬁ.ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ.ﬁ'ﬁ'l j “
1 .
¢ :
] 4 ] k o
1 l * L] L R L ] |l"'l'"'l""l" »
Yor ¥ o ' b 5
L] ¥ ]
§ e * . ! h ! 1
- . '
{- “lu_- * -.-l.. |-' 'IIIIIIIIIIIIIII - .: :-I-“-l-"\-l-'qv .
.I' " - A A T T A A A -t ‘_‘ I.II el ] [} ll"'
'i [ 4 [ L '.- -, rterrrrrrerrrrrerid 'I..-
{‘ L] "'t' """“"‘"""“"‘"""""""‘"“: : ' rﬁ.m N ] 1 "
k - ] L] -
T | Y *,--, -y A . - 'l" Frras s rxr s ax iy y LN | l'_ _:
{- 4 L . - i ' F q.‘l
‘ ..-. _-ﬁ '|l. ‘_h: _-I. ’ 1 ‘-I.-I.-I.-.-I.-I.-I.-I.-I.-I.-I.-I.-I.-I.l. ]
P Y o . Y ]
(o £ Yoo 4 bk ¥
:#' . “ T?' :l':-' !‘: ol ol ol ol ol ol o ol --: r ‘
] Y . -‘ - I | :-’ N - S O | g
! b Y T, i e Pyl By Bgrby Py by Ry Pyl : : . : : :
' . . 'I : ¥ . ¥ ) i . . .
1 = " -I"J-I-"l-l-_-.-"-l--l--l--l--l--l--l--l--l--l--l--l-_-I- -I-. ************ . . ) A
: . :-I--I- -I-*-I--I--I- ---r-!#q#q###q##qqqq:'ﬂf - i'-_ ': ' : = ) ) h :
1 ' F 1 W . m . .. .
' - k ‘I :: L Jeinyin i ny e, e, e, e e i e e, o
1 " l_-ln. i, 4 . i T L P PR EE TR N N . :_'I*t Lh T ey I, E i 1
W L LI ) L o A
1 . - [] » .} - [}
LI FeooW E . ] k
et o 1'_' :, : L -‘
. ) O " ] EE L E L ! ¥
-FATIE ; : 3
- N ] .owm LI FEEEEE R -
- T e, 't e v ¥ o ¢ :
. 1-...“ r...............‘_ .l- } :‘ " A4 Y  IRg rrrrreeseses ]
':: . h : l.lll.l.l.l.l.l.l.l{ . l:. : : ‘:_; : . ' -
; ) r ORIV T et :
..: ..u' ' l'.- 1---- --qnl-blblblblhl.‘ -i'i- -; .y -|_ ;..- . * ‘ )
a ""-.".1 l " -I_ L r: ‘ll _'J 1: lll-lll-ll--ln-lll-lll-lll--p- ’
L} 1 [ ] o [ ] L] - '
5o, ' L] - FA ' - * T | -
" u [ 'll l- 5 ‘i’ 2 .-. - '
] U L A .
Tita, _! : -"; 1,-; _'t:: E:' ” :' o A o e A o g
T - gl b e e ol e e o )
- LI * . :! ., :' ’, ',"l., ."_' :, .\-
L] L ] E | - . "k 1
4 L] L L | L} - - [ ..
:a "'h-..".- . sl ke e e s sk sk b e e b sk ke e * ri ‘*1- $ 1; .l. Y = : . [ .
': . "“ : . L R e N I PN P PN :" wt tl.-I. ‘.I' 1* .1,’ B, 5 3 AT )
L] - [ LI I L h s
d ' Nl | ; SN A A
:a -7 - _l_'_‘_'_‘_'_‘_'_‘_'_._'_‘_'_.} * FEFT t T rTETETFETTEET 'I;- TTETET .I ':.:‘ l‘- :.'I' i.‘ : ': ﬂ
a r - . - - .
T . iy v b2 W A% " Wt Sl
et ' i i T ': : wr o F % s ; j. -
1
h ] in A .
- Ly ] r h.- » .1 5 L] .
S ; " EA L A 4
14 e v i ,
LI . 'R, B O
k- *. ., . " :' ) : ': :.' r: " i "
* --.------.------l-q -‘ o A E L) LR B . . b
3 "q. """".f"" _-_-_: -.-;- ".f Fd noa :‘u ¥ g N, gk, gy gy iy gy aha Qg gt Bgk Nah Rl gl gl gy gy php Gl gy G Rt gt gl Mgl gl tpi oy oy oy by by pRa e R G
t A Wow N
3 k L L LR L $ ' r *
- l_q--r EEEN EEF) .‘ an "‘ :_ I': :-: K
i .....-....-‘....J *‘ [ ] . 1‘ ""-. 1 'll. 'I"‘ *
> r b 3k K]
] R L A *
. 'l RN
P . I|I'_.- ' r ‘-'- 1-';- LI + *
iy e - L) T L
R i + Ay Y }. - :.' k] +
: "1-..*‘- ‘ . ‘t : :. :. 1‘&- ;’  at .-.'
. L] LI - - 1
® -L'.- :ﬁﬁﬁ*ﬁﬁﬁﬁﬁﬁﬁﬁ*ﬁﬁ '._ v ' " ,." *‘ .- " :' . ) “ “
= 't' | ol e ol ol e fffile e e e e de e e e o e e e .-"I ] L - » ".
- T b i* ae RoFORE Ay 3 e wla we Wha thy o vhy sy dp o - ks wie via vie wha Ve Sy da Do Jo e - sl wla ve Wa Ve o du de de Jda e
- ] - LI ) 4 ] -
’ L] . - ) Y ]
: _ L.,H.i M [ . f-r-r i el :: .4 '1;'. ‘t' : N PO, 1
. ' N 1 [ N ) : iy
= -.-'Il'- i * lll L ey . J L "‘_. ] F— -ﬁ )
- . . LI L ] FE b - . L
.-.' "1 - ; ‘E 1-! A .l * . 1‘ ' "‘ t” 1 1
- L K a 3 L, P —— -
E 1% a4 " ] 3
) .‘ r:‘l. -;l- 1'- 1"l' L3 ?1 rr--r-r--r--r--r--r--r--r-.ﬂl i :************* 3 i
L] . . L L v ]
. 3 A - - S 1T ry
* v L L r . 1% ]
¥ “.' _‘ ¥ i-"'" an L] "__ L ’ " quqnqnqqnnqnq ] o
* . W b e ke e ke e e e ko e e ' el ‘. - oottty - " gt S S R R Ry R 1 1:-
1-: "'l- [ ] :lr- ..*.-‘. B B ke i e e e e e e A i e e -: :: : 1: : : ’E..I.-‘.-‘.' - ] ‘
* L] . LI ) r ] Iy . .
* -:"t : MY :w- " e - SRR S + g _1 EI
*, T [ ] l_-l.,-, -:t-,-,- pil g -I-l-l-l-l-l-l-l-l-l-l-l-I-I-I-I-I-I-I-l-l-l-l-l-l-ll-ll: 1. '!‘ i': !' : | . ] L
:_ L g * 2 * A ;ﬁ‘ g - W 1 v
. el d .* 2 :*" o % Ry Sy ] ]
* " |-. i 1. ‘.- |-' ‘q. .'-'-!-"-'--'Il-'—-'-r- ! 1 . -~y n
. 4 * - ¥ L]
F"ﬂ_ t o P : A ]
- “u, 2 oAt “n % m ]
o '-. . "
:‘ 1,._ . i i : l.: '!'I :.: .-. | WP, o :--I-\.--\.--\.--\.--\.--\.-I-\.--\.--\.-I-\.--\.-.-\. 1
. L - r L i - B —
:. * - : | Ty il il .i,i.i,i.i,i.i,id,i.i,id,i‘r 'll: 'I:' L ——— 1 i
1': '.:."': : :_; v ': % ,1...-...—..-..—.. g i . i e e e 1 ":
i [ ] - oo TE T EEETEEEETEEE®.
:: i.l,"l' ?—---------------:*4 JIIH-* ﬂr-dl--li-li-.i-.i-.i-.i-.-l-.i-.i-.i-.i-.i-.-l-.i-.: 'I: l:“ ._; e e e : ‘: ] :
T, - 'ﬂ; L '. . '] i.---.--.n.--u.---n.i -
LA - L _'\‘l' LE R EREEEEREEEE EES i ] 4.4.4.11 LI
T - - ! ‘F - i ¥ b ] .Y
Tat '!' ' M :; :":. :‘ T 1 ]
T L | L
L + L " )
11: i#_ N * : ::: :. l-'l'!-'l'!-'l'!-'l'l-'l"l-'l' [ ]
L) L] * . 1
] -l‘ 1* [ ] " 1 .
:: - ‘l‘h r-'-'\.'- L K 8 B % X 8 K X & % J '.\."l- * :l' ll“'; *-. b e dr b b b b b -I . ,.
v . l_-I.-. R R R RN .Y ‘l. .._*._ .
. “ |- * 1-‘- * F FEFEEFEEFEEFEFEEFEFEERFEFEFEF 1] FFEFEEFEFEEREEFE ‘I..- i%
LA ' 'a! R R S l-'l-'l-'l-"“ 1 'I..-
T - - ' .'-l - ar'w'pr'r'pr’'r'r'n'n'r ' ] f:-‘
T, - " ‘l“““““““ﬁ‘t— 1.8 \ g 1 =
- - h 1 )
:: :'--l- l‘k : :T.hhhhhhhhhhhhhhh PR J.} — :.
Tt - ‘l L} ] I ] .
.""" . ' -: “. . ------------------ ;-.'-"-'-"-'-'-.'-"-'-.'-"-.'-.'ﬂ 1 .$
L] h-I‘ r L] ]
. . ¥ [
T P ; -." e s s s s s + ] E“‘J
', - L1 . + 1
T - "1-- ;"'_ |- —F ] ‘.,i,i,i,i,i,.,i,i,-,i,i,i,i,-i 1
F » r ittt ittty .
T, e ’W .
2 o : + B \
T - X T T T 4 .
4

'ERERER
| |
L]
.
L |
[ ]
L
[ ]
.
™

-
b
b
L3

- T T

i
|
¥ [

P R

Vits wite gl dhe o i A i St bt e ek b afe wie o viy dte Dl et et et e et e e whe e Y N e

NN NN 0 0 e et o W

ok .



US 9,774,094 B2

Sheet 8 of 17

Sep. 26, 2017

U.S. Patent

{3 . . .

- g

2 m . ﬂ m . ﬂ M - 4 -
L r O _-“ * tItl!l.._. %%11 he
- 4 . . . ooy .- . . * K,
4 = ST PR M [, . A . »
. » . F s [ N 3 . .
] 4w m a4 . a = a - - ' »
. . * a - % " * .
¥ 4 a a a a I M L] [ ] [ ]
. " ¥ - - .
[ Fo.ow - - u -.... v - M - - A
- - M . .
» . F n A . ) - - .
. - Pl ¥ PR e 1 . ¥
[ * 4 . L [} ] - [
. - vow F ¥ g A "
- - ' - " A P - - "
. wa & r r ¥ F m . a .
+ | - [ ] L] l L ] + L]
. - [] n [ r r a L] *
* [] X L - - gl N + -
] ST o - a N .__r“._.._. ~ sy * -_.-.-.._
L] - - e .-.‘.-l-. . T - _- .... 4 L]
a1 - [ u - . 4 . -
] - a a r - ) . 1 .
K] . . - - r '] » -
. - - a4 - a - - a e .
F] » u - . [ - X .
- . ' - - a » " .
a1 - ¥ ] " . - - -
[ F - - . - K A .- .
F - [ M . Py [] r I -
- . [ . e - Kl r " . .
F] . r - Lol PTa T R - X . » - -
* . * Jta ] + e - - » - a =" . . r
a1 L] L) L & = X [ - - » - . N - .
N . o a, -.-I... - . A - - o 3 - ¢ . . '
- -
- - . - » A
‘a - - -..__.._ __.-__. ______ .._ S . a N . X *
“ - - [ ] - aoa a o * » - ¥
- - L] -« K LI B L] - L] [
. » [ - - - - . - v . » '
" W * - |__..-. X3 .”. . i a - -
- a ” - _.h.__'.__... _” X & “. . _._.- . ”
. . i e e e e e e e e e e e e e e e e e o B e e e e e B e e e e e e e e e e e e e e e i ke e e de e A T I o O O SR S Sar o PO e e I N U SR U U Su VR S e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e Lo .
L R A R R A R A R R R e R R e R A A R R R R R R R R e A L “..-. - “y ”. -y iI“..l.“..r._-.t - e T = Bl Tt “... ” e A e R R R R e e R e e e A A R R R R R R A R R S R A
. . =~ r ' . r .
N “ .-..-. ., - . St » - - W " - ¥
- N " . - Dt ™ - . r o 3
. - A - - ilf.l.._ r . - »
- - - .3}5.- r . L - + L] L B | [
. o . - L] ¥ . N ¥ . -
r - - . .ll.... Y 'Y - P om - + L ]
5 & a . . .I.I.-. | ™ * - [ . T "
a - . r s Ll - r B . . . i 3
K] o A - . .ll_-m g . N e . 0 = - '
. . . - . .
F] - “a . P e S L S L . . Bl T . X
* r . n F oo . ul_lﬁ-_l .Il. - d - FPOF FOF O ¥ »
a1 » . - a [l - - . - -
- r . . i = L] 1 - ] .
a1 - * . . o -}lii L . " 5 -
- r . . [ - - M - a [ .
F | a r - T iy ] 'a & - § r - -
- - . F - . r [ A aa .
a1 » " - » &, P . 3 " - » - L
N - - I T S I LR - IR S . A . . -
r . Bk s . ko N [ - - - - - . -
. r T a . oam TR s T a “m . r ey . a r
Bl T a & FF - LI " L LI L] - Ll - Tl T L L
N - -l [ R A RER ks - A IR e ey A P N
[ [ » - - E . . - O r - L Rl S Y - ¥ - [ -
» .k =2 a - - " s » " » - " A P LA » . a
- 14 . T . .-.- » - L [T o M . . ¥ - g R .
] -+ . . ] M > " r y - '] ) ) . - . - . - BT i " 4
- . » - n F ¥ i R o ool e e - - [} P (il . »
- N -t - - - - » [ [ " L X . - ! ¥ ' i N
[ * N “ Aﬂﬂ r i » 3 - a . " . L - a [ y .
- a . " - - P ¥ . M a1 - e ' a A
- [} N ) y [ - " ., 0w A - 1 » ol S . - n -
- .-.‘ " - i.... - - x, s s Y P " T k. . 5
L] X .__..._. - ¥ " r..._-. . a2l v . - ¥ R 2T " : " - . .
¥ [l r L - 5 R R . a P - Dl " & . - X ] -
. " a 1 a ¥ »> . .k M = . - -
] ' T L] i - Ll ' i o2 kF L] 4 & &+ r b L | ]
[ . .l-.l. . - A, ¥ * . - A N 2 s - - -y .
A a .- .
"a .___.-. 1t e T . ¥ . 1 . - -E . L r
. 1 a ) . . - u 5 » PR r -} - 1
- [y ' - - .- ¥ A o - . . 1 - [
» - w A ..._llns_ X - rma A PR ' u » u 1 - r - F]
- - 4 . - ¥ i 4 v Ta ¥ ] » N . s [ N r . X " 3
. - R I..I_..I-_I. e ' A e 3 v N . r a - 1 . - N a a p N
- . - -
N - W vy P ¥ a Pt a ' a a I r Po-
N nodoqs ¥ T » [ » P N - ¥ 1 ‘
r . A - _— M . I - ' -
. ¥ - ' r r om - * . a .
x A - - . - S - . Pl N
M A k. » X - * - = - . & -
¥ PR ) - . - 5 - o . 3 r r Fl iy
N L] L} - I - = L] L] L] el L ] -
n Kl - - [ -, am i n N
- . » A 2 . v RTE Fa - " - »
L ] dpodr dr dr r Y a [ ) - a a 4 a a
' - M . [ L v a ow oaa » ™ »
. r X ' ¥ r A - F s N . . "
» Y, - N . - W a » " i o N
.
. . . 7 el A
~ . -
" o " [
L - ] L]
- o » r
. e .
H F] x & -
" [ - »
- a . &
[ M - . .
[ ] L T
-_h. A - Fu N m
- . o ¥ al . - a
- - [N .o -a'r n » . 4 s
- * oy . e - . e = F LT N Wt
. .- ". . . at Tate" T hl - »
L] - [ ] [ . a k
* 1 a4 a [ ] . F oy
b L] - [ 3 r - - ¥
A 4 s a l F &
[ ] ] [} * " - M T
" - [ - R . n e
X - - - 1k . - 1
. L] - L * L | T
- & . r ¥ r - . - .
K | L L ] ] - [ | r
" ~ ' r I - o
[ ¥ ' b 2.
*, .. . ‘_..._.1 i ' ] .h..
) -
i 1'.‘ “.-.- ...n " -"‘il I.l.a. na
- b - * = o & =+ k" & ke
L. " a i P . A e
X oy ] . ] ¥ ..i.. + - e r.
. [y 1} ] . [ - i .lt-.ll-
. L) o . L] T ' + [ ] -t »
» A r - . . L » ] -l l.}._l.-.
- ] - rh L] 4 | ]
- ¥ » - ] r - r . - P Il IR
& 3 » - [ ¥ Y l-l_ilk_ - . - R * o
. . ) » - i ¥ . . PRl
" » ] ' bl - [} n - - r e .
- " - " X » N LN S i . " - e g ol
- - ] " .._.“_ ! ._.ﬂ. A » . ) N
e e - * X b .-_. . * - l; . A gk R
" EETE S - X i r * - . X - A e
y [} - r ﬂ " . » - " .lltllln- e " - " Py .
- - - LI » A a a4 . . " - - . A - 2T - " . Foak e e . L m oo oo b
A ', . ll ., I TE T T T TE T T PPN - SR . L h.-_ LA LA At Il-..._.r_-. .U-.tl_n.l...-l.l.-.. e et . :.l.l-...» R TR S TC R T E TE U TE E L oy r.-.in.' 1 oy
. . . ) T TR T T e T T T T T e - ] . . . .. . . P . L. . B LB Rl i ) . - ¥
r L. " . mEEmEEALTE- I R A A AL et et e T L L L T e 1.1_ FFF PR EFFF PN ..“1_-..‘1‘. .- > b - b ey ol " l..lt.._vl_.l_l.r
¥ ¥ - . ') ¥ r - . & ok o » r - N B . - . !
-t " " . _-._. " . o Ta w g‘. ' - ‘et L i T - Fo - b .-.._.
" - " * [ . e e . an g ppT - .k - s - . L, [ -
. - - - r e R R ¥ - [} i r . ' -
. e g - LW Foa PR * - N L ] w
L] i - l.l 2 L] Frwwr A LI - - El - »
A -___ i + ik .-Il.._.. . i -_... - ar L . .-..—.
. - -
) L - S TP L [T T Y YT .-” ¥ i S et ..h T » v,
. s - PR ¥ " mmmm . ' ... . .
" - " o N a’e . i . ¥ .
" . . " [ - 'y - r r » r
. RN : : " N " T ..-\ ﬁ
- s - . "k oo » » - . »
- . - - o a I M 1.__ ) I.v.-_ a __......-_ r N - > N e
- b - et b . r [ 1 - T II T +
» . - . . . . . R e el | ' ¥ ol . . - - - -_..ll{.-i..-
- . N . . v ™ .- .- * r ] u '
. - " 3 - i . X - RO LA AR L3 l_- . & » R
.._..1... . - . . [ e a4 Tea ¥ F] - . - - .
. T a [ Ta - o w 1
- ] . F . » 3 ] u
- r . 5 a [ - - an » r
[ ] LA | 4 + . I r + 1 "
. vy e - Ty ! - a1 L 'u ol * -
W e e - - - .I..'. ) » r
- P - » . ' » u
5 3 . - a s N o) > »
* [ * = 1 M }-.u § . & s - i
S . R - A . Fe -
A [y . . .‘. "y a
3 F] . *
- - i : L ”
o a . " .
vy S » . -
. . . ]
s r._._.. H. . =
. . - .
__._1 -_.-. .__u . 2 _.l_{.‘
- > . r
- m a'm » = L] '
s L
" . Ty [ » -
- [ ) [ .
A e a .
Foa » - a4 o d L] + = & 2
ke E R T » - o t
- a -
3 2T r ']

-
L]
'
T
¥
.
'

l.....!”. -
rnw et . r
. - . e - ' P
s a -
Foroa - "y
M T oa . .‘.'... .g
e [ - .
i Bk oa o o

L
'a N N - » . . LI K
L} - . .
r“.r.__ e ._..”... _-ILII. ! ] I ] . L . ax [ L X ....IT....E‘3 ..I".'.-...._.............._.............._.............-_ -
iy M . b s
v, L . t._...._...-...i,.-_.t...t_,.-_.t_.t_,-llt.._ln..__r lilf.u._.-.-t -y Paw T - r.___-.. n_-_-_rw.-_ LI LR -_-._.._.1.r Ll ll___!nlﬁl_l__!.i_. o .—.__..—..h..___..._...._._..___.._...t-.
- l..._ e A A - PR ..._n. .”.1....-..__.-.__. ar s .-...l.-_. ..ltll'-. . . " .-_v.-.lﬂ._-t,.l.-l. . LN r ' I o
Sata .- L i * .-_-..-..I-..-.- e .1:.__ T VI i e e e e . e e .._...._.I.-...l b aa s i m oy At . l.__ul-......-..l..rn..-_.._..-lll..._ ) .
SaTay, - " j.—.l.“ . LEN . a, LaE AEr e s T e e F T T el W r lu.l_l a- e aE ¥ -
S - Ll 1 v R . ™ .-lll.-._ R " F ¥ .- S . “p ¥ ol e e e . v
RN - "i l‘lli.}} - . - . . . SR T e st
" r 3 L F R R b ode e dp e dp by e o B ,

g s .
l...lth-_ - . Sl e T .....r.._. ) ! Mg s ¥ N gt
- “u . " - PR : . [ . . i o e
: e e g

%MNMMWJW#W%«%MMJ@
. 1"'**
I"". |
W
R
*I‘
a-":' :
. ""'r -"-lllrII
x "

» M
™ M
» a ™ - [ Y
¥ - - r .
-a - L -
- a i -l.. =T LA
T el "
- A
>
1 -
iy
a L
o= [
T r
L ...H ‘- [ -
- - 1
e -
>
...__._.l H
By L
.-.-.-.. .__-_ . .l__.-..r .—.1-
- . » . - a
- - .r..._. - LT N
WM. ..__..—.l II . ol ot
. - I '
4 - - >
) la * T l.l L . | ] '
* ..-..-.-_l 1 . B
~ Y
-
ST 1 v e -



US 9,774,094 B2

Sheet 9 of 17

Sep. 26, 2017

U.S. Patent

ettt 2 P,
v

{Bap)y

8 & ¥ £ 2 L [ER S . S S

Lo
T
' .-..-. —_.-..._l...l__l.._ N

" o A T
- ?Mﬂkii&.?x.m.

oL

-

_H___,;""‘__ |

-.-L-?-.-i e

.. e v :
.!nl_n..-.i..!__ﬁl'l.l.__ﬂl.l.__.l...m.l.i..._..l.__ Py . .l.__.l'ﬂl.i'l-.l.i._.i..ﬂiﬂr.liﬂv

.-.JJ..J-*J..}-&_...

|
L

Jn.ggs\ .-.13- .-Jﬁﬂs\}u.-j

. ._dr.. ey .._._._____...l.'.i..i.__.._..F.t___.-_..t__.f_...._.__i..h.i...t__i..i.-_.__i..i...ﬁi.'t.i....l'i..i il el _._... 'i..i.__l..t...-_. f..i..i."-,...i.__i.__i.ml...l__i.._ﬁi..i__i. .l.i..i.. ..._._.i. h.i. A i._..-_.. l...h“.-.'i.__i. -, t..l._.i.“r_.nf._._. l-.i. ._J_i..F.. i.._&.__.. i.__i..i..i..i.__.l__f..i.__.__.. i.ﬂi. e _.._._.u ._.____i..t_...h.t.i...l'f..i...l.'_-._._.i...l'i..l___.l'i..i..f. i.__t. .hi. i.__._._....-_. i.__.__..m____ﬂ..... ..l.'i...l.itt.t.“_..'t__i.. A l..h_._....r.i..._._.'lﬂl. .I__i...l..l__i. i.__f.}t.. e e iﬂl..._._. A h._-.'i..i.__f.'i.__i..iﬂi. i.__.__.. ..-_..i..._._.'&._.. .l__t...l..l__i..i.__f. i.__t..u_-ﬂt. i.__._._.'.-_..t__._-_. ,_r_..._._.'i..iﬂi.'i..i.m-.'t.i..iﬂi..l.__.l.ui..i__i.' gl M0 .i.__._r_.. _._...i“i. i.__._._.'.l.t__._-_..i.__ﬂ.. ._._ri. h..._._.' i.....-__'i.__i.__;ﬁ._.. i.__.__.. .l.._.t. .l__i..f.. __._..l-..__.tu. .i...l.i.m_-_.,

L] - - I
‘u’
. % ) . ._..-. ”_...._- . . .._. FICI ..... v . K M * 1.. *
r » Il ™ EE s N .1 " ) » x
. A - . o . . FIFS . a . - .
._t1 ¥ ¥ s L oea ) ¥ i ) »
. a . - N . N . .. a . » . S " - .
1) [ v [ . . a0k ¥ S a - »
. . . a Fa . o Tm . . . x . . L [}
¥ » .- - x r » . . -
. .... 1‘. Tt [} ..-.. .- 4 - .4. " ..r.._v.__.l.__ .... .__. ....
o - r I.-h . r a B e . a » -
3 * - a - .-__. ¥ [ - -
r C . - a.n . R e » a -a
.'1 3 a a a " x . [ e -
. - . .l . - A .o e . 1. -
¥ 3 _-J.v. . ) ¥ x w - .
- . * [ . a - a4 -1 a . .4 I
'] - £ A | - e e ] - -
" r r ko . F K - . x . a . Bt . rm . q s
' - F . roa o - R [ r n - -
O ¥ . r ¥ - i - LA . P ~'m . . 1 Y
™ r . ) = & - * e - .
. x L Foa r - a - .. . - R
1) - - M N . - N o 5 ]
. J.‘-. + 4 4 4 [ 3 L i L L 4 -
W » . . - - .- ™ x 1l
¥ ] r - 4 - [ * rm ' . =
1) o - . . - - . . X ]
. . . . ' -
¥ * ' a T o ™ 'y alaTa - r " a1 ]
¥ N ra T W ] * R - [] " a ' -
o ] - [ - g - A x ¥ - r " IR - x Il
. .l“” ¥ Lk e - . A | w bk L - . - Y . ' -
-_ - ra F ) ' . - - 1 P - F] -
. x - r r - x - r - N - ooy ' .
1) . . > 1 " o M .. Lo - r - ] " » »
. - . omd » [ | 1] [ * - . r L oeta ' '
..1 - d [ .m . il - N Y - Fl a . F ] ¥
. . . . x » r e . '] R i S - . ¥ . " ' '
.'.iu - LAl n . r e ¥ - * . x 3
¥ - .l.i. . .-....... » r w e e ...h . ST L .—_.-.. ' .
. . ] . » L - . - w kb " - ' '
¥ - X, - - ¥ - . . » ] *
¥ - L- - [ N o - o M L . 2 .
) .__“.__.“._..“.._.“.__.“.__.“.._.“.__.“._..“.__.“.__.“.__.“.._.“.__.“._..“.__.“.__.“._..“.__.“.__.“.__.“.._.“.__.“._..“.__.“.__.“.__.“.._.“.__.“.__.“.._“._- e S e e e AR Al P PR, -......_..__.....__ Tt o e T e P -.i_.-_.....i.__.ri_..__.-....l..._ B PP A -..-..._..__-..__._...._.._..__.....__......_.._..__.....__.-....._....-....-....._...i....-....._...i...t...._...i..........._..........-....._..........-....._................._...I.-...___..__.....__._...._.._..__....nIl-..........-....._................._................._...-.nt..__................._.........._......_................._....-... -...I....-..-.T..-.........._......_.........l....._....l.".. -...___..__.....__......_.._..__.....__.-....._..........-....._..........-....._..........-....._.rln T e e T T e e e o o o o gy o o .__..._...__...__...._...__...__...._...__...__...._...__...__...._...__...__...._...__...__...._...__...__...._.
..._ P T e e e T T e e e T T e e e e e e e T "t - » l..._..__..l.l.. " - N - o . P e e T T T e e e e e e e T e e P e e T T e et TR T T T B e e e P P e Pl e P e T P
. " “u [ w’ . . ‘a “u . a o . . ... '
1) - - N r r N ' - I r
. - N X x . . " . - . . - . . ' '
.t-.. - a . ™ . x 1. - 1 - - e e e 1 ¥
. . X r an . Pl - . . [} N ) . ' '
[ - - * 4 i - L] =T L] * . x L]
O oy N . - - o L LCTE - L s 2 .
. x A r a e - ¥ . ' . .-‘_ ' '
1) . - [ s - - ok oa * - .- - s ¥
. ¥ X . e L F - - N I N L r - ' .
..1 * - r . - T . FORU R R TR e o o e e A Il -
] ¥ Kl - . - - [y - 4. ¥ . P e 4 ' .
1) ' ot - M. . Y - - . 'S X *
. - . v ' -
1) R - l___l - - r - ] s i
. ¥ Ll r ¥ » . ™ - B . 'y . - . -
..1 N - Ok " ' - » ™ a x Il
o ¥ N . B S - o X o A » . 2 -
. . F - . e B TRR R o . i..'.._ . L - I i T ) - - r P . -
1) . s a2 r - ._. [ Sl Y 1 r [ - & r . -~ - *
Cf x R . . . e . R - . ¥ e . » .. .
a LN L o - L \ . IR Y N A -_-_ e * A M
A ' " ra a W e R . ) . .._.._. .._....__.._ .-... r " a . I.-_ o N R i " L s "m.
. r r MY e el Ak e L e [ . . . N - » ¥ . m -a . . - u - . . e r - [ . 1
. 1) [ - 4 . X i PR e o r a . - A . A s
. .o r . . ow - . .o . N . owma a E . . Fk r . ok ' r » P i s oa e [ a . Fl
.ﬁ [ L] d . - " Fl -4 F F F [ T ] ¥ E ] - a o i F - .I & F F 1 |
. - - .o atE 1....._1.-. . R ) A . . ] I [ 1
¥ 3 " W T X ¥ . A v :
. - r [ " a . - a . ’ e o - . . ” N
.ilu * - " " 'y a * -’ - [ S . . - . .
¥ A Y L - p K C e . A P - N . T LI D
. .- ! . - . L . .. . ETEE k) . . . .
1) ¥ » Y . x . O . RPN . ¥ .- s M -
.. . . a ™ a . x - A . - . .. . . . » " " . L a a
.t-.. o L] * o [ ¥ N - N . .__ . . » r -
. L . . . . a e . o . a0 1 [ ] ) . . -
¥ - lJ- ¥ » - . x . - . . - . .. *
. L Tk . . ~a A » » . ¥ [, X 4 L - . -
¥ » B . Foa X . r . ' . 3 - ko=, I
. .-.. .. o » L - . ™ a R P ¥ r I a . ¥ R " ¥ . ¥
. . * a S ) . 2w Ta - A . - - . . -
oy o .k - CF e ) p P L o i X o ut at L ¥
. W M " . . . . . -
__m.. o “.-_ X, ..__.. . o I pe . eatt LN o A . I - T, LA K
.l.-.... L . . AT . - % L . - ™ Fooo s - L3 . L
- L al i M r . n 4 a S - a xT. W - P r » . [
N - . [T X " a X f . * - a r
. F] - .ok 4. . L r . [ . . r . - - . L
.-.lu . . & - o w o " - » a r * » - |
. n a - . = N da a r - - * ¥y - . .
¥ & ¥ 1 X - A r - -k .-_ - 1
. . . [ [ o . . ¥ .. . . [ ..1..1..1..1._ ..... r - .o
.-1 = [ ] Bl - L W oy o dr - + ] - "y ' ..
[ Lk P " X A LM - » " .o A aTm A »
Iiu Y a . . S X -, r . a a . x .._. - JEPR T .
' .. Lk . - .. 5 > a . ' Lk = - r i " ™
1) » - . . N - . X y i Lk 1 y .- M
. y - « adm . . M - . a - . - a T - . L L . .
¥ a 1wy . a S = .. . ¥ - e @ A b o gk * a . -
A 'l [y . PR r » - » - - . Ml | N - . - [
¥ . L) m-.-__,. . " ] - - - - - r r . ¥
.l.. -, e e s "a " TE ¥ T ot o - . i 1 lII.-_m e Rl
.. r N [ M . » . & - . . [ . & . X P r . L T - T T
- ..1 X . II... - . - [y - T - * ¥ ...-..r LT r.__... .__._. _,._..-. a - r
K e . .l.-.l._.u.. “x "a s T .._.-n - .._...._. “a - " ' o w e T v T e
. ... m . e T r A .o . - . r a - »
.l.'.. . - & r & d e orodr " ' . + T a
. . a » . M N . a .. - . - * R RN . X
[ o a - e -..-. e a o N . T A ..-..._ .y » .y
.-.. vk "a L] ' i ™ . [ iy > - . o ETT a [ a' r
. M . - .oy PR R U - e - a " - - . » I ..
1) " - [ R I.-_.l ' - a - ra - -k - a - -
. . ] » ey - e rad o r n . X r -
-.‘1 r FY L] ER [T r o a [y '
. N . a4 » ' A r [ - » < W -
1) Tk ' . . “ . o i L) N “i.. L
) .... T -4 - __.... X Y e ] . ) ‘a
TN - N u M ALY i -y . .
-y 2 . . P L S S R ..1.1.__.1 "k . s - . 4 .o ¥
.. ¥ " > Pl r [ e e ko .. ! . & a.
. - W - Y - A . s . - -
) ‘a at .- r » ) Yo " . .t r ‘A T s
.t-_._ . ) N N . r - . - y N a Ealr -
a 5 oM . . . ' - a * - ]
' . " oo ' . N .. - . X . Il = .. 1 x>
| 3] » . . - - .y [ -
CoE < . AR ...-_.I..-_-_.l'.ll....l. . . e i . k. . ' .
. 5 - - e ' _-._.ll P - - a - -
. ¥ * r - X - - r F ] i .
. .‘u r... - -.. . - B e ey - r-..l._.. . - ....n R "~ ._..._ r
-#l a » I r ] - LI ] I - » r - . A |
» - ¥ a - - . ' N ' - - . -
N L [ a . L] s L] - . L] B ] - L - LI
. a ¥ . ™ . . a . * - P - N
-.. -.... I -.. A A .II " . .lh. i.._ . ...l.... - r .1-_ l.._ . .l..__..._.....-.__. - l. Fo. __..-..
- .__.__..-_.r.r.__ o . e e . .. . . X M - .. I.-.lrn.-..._. i O l.r.I.._ oy __.l. N Ca . .l.rtu.r.__-..-_..-_.-..-.l. r .._. - E
. ¥ .. . . . . P . . . . - .. . . - . . N A [ . N - [ ' - L A T T - r
1) r. L N PR N ] L -_.._ " . . . LR . . ‘. . ) [ - o ...... . .._“-_ L“n r L St e T TR o o
.. i - - g od g Laow ' . . - . . . . . . . .o - N . . . \ . 7 O . . N 4 ST ) .
. * [ S e e P Fw . l-.:.l_l.-_l.-.li.__.l.l- 1 N . T e e
. ¥ . . ¥ . oo .__—.__.v.._.v.__ .r».___..__.v._.._ g N NI AT Sy S T " ! . Tx _-_..-_ ' . ‘%A . X ... .r.__.. ....... L SN N M R ... i .r.._v.__.—.__.v.._.v.__.—.__.v . X - . “a o .
Iil ) L..-.I .-l “a ] PREERRRS " e R R -.I » P "a e - B & Mt ¥ M
. ) . Il a .._lﬂi » i...h L TAeE N “- ..-..-..-..-...-. ..1._1...1...1...1...1...1...1...1.._1...1...1...1...1...1...1...1...1...1...1...1...1...1...1.t.t.t.t.lh..r.t..-..rtl..rl.t..r..t..t..r..t i e e e e e e e e e A .lu.__. . . . ) . g ....h. - “r
. - .o - - - . . . . . a
¥ [ oy . . - SE . o - T - - . L e maaa " K [
. [ . r . . B A . . . [ . ora " » Fl T FOFF ) r >
.-l LI L] - ] o L] B roa ..._1I - . - " . ™ 2 ol . -
. S w . a1 ] T S a & L T . . . * .o " . a P T T ¥ . » Lo
.J'L i ] .- . I - - L™ . - -y ok . 1 * . X -
LA T . R a .. e e e e e e e e g ] . ") [ .. . . .. . . M . - . 3 [l x .- * . ow ™
¥ o o L e A A A A - i__-_ . . . - " w . > v 1 .
. n - . N . . . - F oo 1 w1 . . 4 r . - . > . - [ ] » r . Fa . e F . . s e e e e T I +
..1 5 1 . . x . N L= TR . ' roh . x - N ™ -
* . . I x . oy r M .- . - - »
E . = ™ ar - . [ * (] a » T
' . L] ] * - | | ] L . ¥ - - d ] El o -
iy » .- " Y e . .-.-. . W .._..__
' e - Y . . K . . . .
. LR ATl L. - e e e e e e * K. - . .. r » . L a
- - . I3 r r -
T 1 e T il T T SO R T VT N e LT e T i P ol S A T T 3™ U M a ¥ i a Lal. . ¥
X - a - .y ] - -
« F . [ d . 4 . B - . & « d
. N _- " “u A - » . .._..._
. “.._ i.._-l Il.'-.l.....lu.__.lﬂ-.-._..... - e * “u .-.—. ..-.l.. T ....l . N
- [ . a r Pl » »
L 3 [] . R ¥ ' . )
Iﬂ - - a Y 'y Y R e T e e e e e s N * r r
. . * ] PR o Y e [ Loa
. a o - N *
* ] - R r R .
v1 & + . .__.—._. » N
. I‘.. a * - . ) : .._._. ...... W7 u
[ ) - ry . * N 2
) .... . ... I_I.l.l.-.l_.l..l_ll...l...l I.n e rn—_n__ii.l . .t- £ x ___.4
. * i e .I... . ... a - r e
. ¥ - - . &
- ....Il ¥ L3 L -
—_-L . M - ax .
i A
. & .” “.. 2
. aa .. - e .o T T » o
. e .:....__.-__..--..._ : : .
.t“.l. . s g ..
. .ﬂ.. ' ..-.._i.-._ 1lll. . .
1 -
. 1 ... . . ‘....L .
. ..
]
' .
. g
L
O TN R L
P "E P
- e
._.-...._.rt.r..-.... .
: 1.__..... " S e T e R - L, S S e S T
[ - g S 3 ..I.1 hl-l-.l_...l-_.l.-ql-.- - JF R P . -.- . e .-.ll..-l..-. “r
o - . .-..__.l-l-l-l. - l - “ a . . !—_I—_ ' " I_.Ii.lII
. P . .
' L] . Il..ll.“l_l_.__ .._-.-. .E.l




US 9,774,094 B2

Sheet 10 of 17

Sep. 26, 2017

U.S. Patent

.*J.*.*J.*.*J.*.*J.*.*JJ.*J.‘.*T

e
L]
[

]

=i il il nlm

., . .:._.“.,“...q....,,.”.,m“.,,.,.”..,.,.”“..;._‘ ............................................................................ w L .f.ﬁ,*w.ﬁ. .

.bﬁf:.,.,_._,,,,._,.,,._,.,_,,,_,_._,_,,,_,. . a,_,_._,_,_.,,.,_..,_,_._,_._._,.,,. m? N
cmmWf

.
"n '
. e
.
r I '
F N
B, -
Aphph
o
v
[ . dm

X ##.._._. .

RN A

IRRETTTPRRRRL e mﬁﬁ%«.ﬂ#%#
R

5 .uL mﬁﬁﬂﬁﬁ

ol
WL

WK o o
SN

. . B I DOty R o
.1_# Xy

.
&

I*.*.*.*.*.*.*.*.*.*.*.*.ﬁ.*l*
&
-
]

N
e
K
o

Ty Ty N

>

§
Tt

L
o

|
L

nor r Fr rh F rr ra kK & FF
............... e o0
.1

.T.i.-i.ﬁ.i:*
- -
X ¥
"
T
+
-

- ; O
. - L) +++

L g K e
- . 1.- - . -_.-1. ; #. 3
-_r._.._.._u..._.u.._...””... 1._". ..__ .vrq-#m*/w*% :
T RNk

r*.*.*.*.*.*.*.‘i.ﬁ.*.*.*.*.*.ﬁ,*.ﬁ.ﬁ.ﬁ
r
=
r
F
r

.-ﬁ.i.i;
-
+
-
o
-
=
-
L] 0 .
LI
£ L
l._l
L ]
II-I
-
LI
N,
r
x

T
1
=
r
T
L]
-
L]
b
]
*
L
r
a1

LI
L]
X
-
[l
L]
]
I
Y
E
-
L
L]
&

1 - 3
1 - - = on a " W
- - e T S
i s n . - [
r n [ 3 F - - L ] .
._ ...r .......-..-_.... - == - - " 3 - F L ] iy
1 = . ) - " . F A N L T L - N T - ugn . F - - - . ==
- - , [ . . & Foaoa oa e | . » . ] ' - aarer . .
1 n P T 1 . * - Ly g n - 2 “J R R oL '
R ) * . P F e aaaoaaaa - -7t ] - - o ¥ ) ...l .Fll“l- A A maaa kot Ot LT ._.r._
1 [ . . T T "R e kg EF FF FF s oamoaaaaa m"BM 2 2 2 2 a2 a2 a2 a2 s aaaaaaaaa " FE FRTR e Ry R e Ty - - [ a -
1 " - - . ' -l - m i om * aa ra . o1'm = Bl W .
N e om, o Ve e T ~ O e . - . -,
1 . F [ ¥ . - L = LI - o ) S
L - . F=~ . by .l * [ T LI Fl 1 - oad m - . ¥ .
1 - - PR M N r . ] . P T - . - -
* P ) R m &oaa » I L sk » g
= o . Ak P L - - - o .1-.-.l. e FE
" . * r R I Sl S ] ..I|+
. . - Pory . . . . . r ' Fers O] - M M N q m
" [ r s - _— PSR . - - wl -
3 ' . r [N PR I R | a - [ ] - - ¥ -
- b . Ha A L Y . L ant . T
.._....r ' 1 A - 1.-..-....;... S - o . + i
T 1 e m. . S *
u - .
L] L]

-
T

"

a
+ll

P

4
>

L]

-

T
-
L
r
+
[
T
L]
&
L
s
-

-
=
"

Phiey . el e oot ! R ARt
@\ I o P e s s e R
el e B e A L M . A

e aa s s aaaa  aflif W= a2 2 a2 a2 s aaaaaaaaaaa " i) b T A I e R e e I R R R R ]
e P e r ' X . h

e e NN

.t.*.*.ﬁ.*.*.ﬁ.*.*.ﬁ.*.ﬁ'
L -IIIj
]
'
'
'
'
'
'
'
)
]
'
'
'
'
'
'
'
'
'
)
'
'
'
'
'
'
'
'
'
'
1
'
'
'
'
'
'
'
'
st
'
'
'
'
'
: '
'
)
- Mt g gty Ry
:
. !
'
'
'
'
'
'
:
'
'
'
'
'
'
'
'
'
L]
'
'
'
'
'
'
'
'
'
-
'
'
'
'
'
'
'
'
'
)

[ . =T tl T mwwr r l.-_
- ' "y N ¥
L] - & T L] L]
" o v M ' _—
n -
" e - " .,
n . -l . . n
" F o ow 1.—. L] Fl r - J'
- - -
- 3
. “- ¥ __..-. M‘ ] Il-.__.__
L . r F r L]
+ ¥ d 1 - I,
. I 1 -
.".. Fl r - e " - *
Ll L F
- . I
1 + 4 . - " " -
& [l * . d = ik -~
[ . - A a Falr i
r . r
2 ) - e ) .__1 .
~ ._.- ' L] +* . q.-. L]
L] - § - - r
. . P " ' . ] . v
. L] - [ ] ¥ - - » -
. 1 3 RS T N a"r y
] .- " - Il -
L) L * . 4 X B
X . * N . [ [ [
T2 . Ta ' Pl - "
¥ - ] ¢ ..r & .
Ly &, & ]
n “ho- Wi e a o mm 1 r..- » i ¥
. h. F ik - T . |... l-_l..-.....
] -
._.“. o : t _ﬂ . ‘ ety
T -
- .
Y 3
[
] ..

; | , u B I 0 0 s o o e i B M : . : .
. : SOOI 2l SR e . N
‘s, e . ;ﬂﬁﬂﬂihttttattha;ﬁiﬁaﬁﬁffﬁﬁf B Ve T s S IRk

111111

-
. ., “_ 1 .
- L =i i
.1 - ., -
! . .-.-.._-_ - -..-.- . - “..l.
| ] L ] r 4 = =y
- T e . - -
* M e et [
- .. .
N .
. ..
.
h
-
- r
ar
A
N A

1111111111111111111111111111 rak r - » ] ' a F i
............................. - - r - ]
1111111111111111111111111111 » . - a F r
- o ] i -

11111111111111111111111111 n r .1 . a =
.......................... . - - aoa r i
1111111111111111111111111 - . « momoamr ! . [
......................... - N . oaom o - -
1111111111111111111111 W oax kb ror - x - r
..................... N N R I
1111111111111111111 ndr o A a g 1
................... Faa F FF ' i

A4 2 moxw B o r & -

P o -
11111111111111111 4 Fr 1 Fr 1 FFrF - -
................ R N
11111111111111 I T ]

............. Foroa 1

00

LOBEAR] S

o
N
S}

-

(5

00°'9



US 9,774,094 B2
o
I~

- ] i e e e e e e e e e e e e e

%11&15
AXH

iy
e
™ .
Ry

. - II.-.-..I o, - : . . . . - e
. . ....w._ﬂn..;-.__....._ : L T R e R e - -

I.wn.mnw | : ;.1..1,.1............_1_..._“.

rrrrrrrrrr

Sheet 11 of 17

: . . ey e e T, o

Sep. 26, 2017

U.S. Patent



US 9,774,094 B2

Sheet 12 of 17

Sep. 26, 2017

U.S. Patent




US 9,774,094 B2

Sheet 13 of 17

Sep. 26, 2017

U.S. Patent

-
T e R T L T T I Y "

Ei.l.-

Wil o AR Bl el B B Gl B A B S ik

SFRIIE

I

I R S S S S e SO T S S T T S S

PO T VI VI Y SE VI VI SUF S VA VEF S R N
A R

balel m-..-.-n.—-.-n—-.-]
&
%

;
!
!

....................

aaaaaaaa

lllllllllllllllllllllll

!!!!!!!!

p—__L
vy
-
ot

1111111111111111111111



US 9,774,094 B2

Sheet 14 of 17

Sep. 26, 2017

U.S. Patent




R A A S YA -

e

i

<t
R
...-.::-;E"“

W'

US 9,774,094 B2
(0
o
O
L

L]
]
. 4 » : ___..f . u__ j
] . . - . ]
fffffffffffffffffffffff [ S S S S S S S # .....__“-......w.' r-_ # -.1... . ‘. -_.
L -
P n a A T PPN 4 . e, . L v
1 & L]
M . 4 r ' . '
, 1 P JV &
__.- g Y |l.,.r - “—_.tl. ll‘&%. L] - ]
. N ; Rt FEAR : o . ?
] .-‘. . L -' .-_.”_. LY .__. ’ .ﬂ. .-_.
H " ", i . EER ¥ :
“ & n ." ; - S
+a ‘s L ] H -
[l -l.l 1 .__-.u , . I -
£ : T4 :
e -.__ - -1 |
. - " .
L . - ¥
.I.-. TT '| -- |
r - - ¥ 0 . ¥
b . yn ;o ; : :
- I.IIIIIIII._.III._.-_.III._.._.-_.III._.._-.-IIIIIIIIII._.I-_.I...I._.III._.I._.IIl.---h--h--h---r-%rb-h- L ......-hll-l-h-l-..”--h-H-.--h--h-h-h--h--h-h-h -h--h--h--h--h--h--h-..!n_- T N T g T T T Ny ey e m o ey mom om o [ R U S —— "_III
. W . v ){ll
| | 4 + - ] [ ]
: Lo 2 e '
N 1“ “ t ”' r
+ - r 4
¥ |“ “ - - - i- &
r - 1 T-.. - - *
r . 1 . 4 f!-.r. -
[ _.—. 1 -..—. i -
] =
y— T - RS » . >
HI_ . L} PN - } e .
-t = r . dom el L ] + -~ »
- » - 4 FECE N [ o wl 1 [ .
L] ¥ - . . —— an P - ¥ .
[} 1 a2 . P ) ™ . P, 1 P - - - "
f . ... ..-.-. i l# a, .-.r_..l-..- PR B ._..-...-. A I . ol [ .
- D | - . - L [
-_ s 1 PR j.Jn_ Pt a 1 N . - » h - »
b s o : ; .. AN ;
' e ay L - Ly Hm . . - - . e . L)
....1 . . - = a a N ™ - 1 - .
» L] . i ] L | L] L] ] o - L ] L]
) o ] s AT r 1 1 . R T r -t b
.-..-..-.Ia.li.lﬂl?l_...__.Jl. . ] [ - o » 2 - - v ]
[ | .I.,.l...__ - S l-. Y 1 T ._..l - __.-. .I.- .__.l [ T
i ..._-n i) ....r..... Y “ R 'y ) “.. » 1 + "
. - RS . -
w +. 1 I.:.r.-. T -" .. .-.l. - . 1 T * 1, 1 ..l._-_E“. * “ i-_ .r.” l" s
- ' ™ - " oy - - - - r
b N o ) - 1 o r w . [ ] r
" [ rf‘ % v * ! e 1 - e . o st * * y 5 A "

N E\Jl. . _n...n.. L.__ . [ ._.‘.-1 . . et ra r . L3 ¥ . ST -.- N -
. ...lrIrl_I. .i.f_ 1 1 .I_I..lililfl.._.ll. N - . _l.-. o .__... * T » . “a " ad e 1 * e
| . [ ] [] ] [ ] ] drog o g -~ r e + r

L ] ry u T L T 4 R P P L] - T Bl ' - .
o m .‘ [ ] .-. 5 .4.! 1 K N i o . . ' .
[ J | F -.- a b at 1 Ll . T - h
:l L} .. - .._.._ .'.._ . - o - nl,..l,..l....l....l,..l,..l,..l,..l,..‘!_
e . ! * .- .-I. ' ) -_-.-. . ) ln i.—. T 4
... 'rl .ﬂh-l. 1 i . 1 * .t - I'-.l...l.ill‘ ™
. > . . - a - - - "l sl
> S b L - ;
._._. ” .—.r., .._.. - “ H ....“_.. - - __... "
..-_ . ' 'y . 4 1 .Ll.-.lfn.l. ar * -... a I " - i..I.F lﬂﬁll.ll r
» . 1 . a4 . [} . s - e kI - - -
' L] ] 1 L B | m P = LT | L]
. $ ' . - » x *, 1A. Fn “u - TalgT TR " T -
.". 4 A 'ﬁ!‘ﬁ . L L.L. .l ..- . %‘E.‘{.} - J.l *.. ..+
-...r i 4 . L] [ ] L I..ﬂ. R B gl .-.._.._ L .
L " 4 . M - ' ] re g - r
.r.r & 4 ¥ - .-..r . & + ._-.-..__._. -..l....-......l.-...l = __.-
: -1\.‘.-.. __.‘ ¥ - - . .__l . .-1. -__- L A S aaa e l... .-l N
T . T
: L - ST J e '] Pl rt b .-l. n
- . x W . o L L I " .
.“. ll .“. .l s ..f" .—_‘. i F] * 1 ] +
Ll - . - T L
r ”... K . -._ -y - .1.._. L “ -L_ l.r.-..'-n .__._. a'
] A * .t 5 " . ) - ﬂ i N .“..
1 e g L o _ 1 i“" . - -..l - ] - + N -
. 1' -, Y e 2 ¥ . L] L] . r Lt
R : — .l_.-.l.-.l.-.f .‘.-.l.‘.ln__ _ ' . . 1..-. L] - ) .I- e, et T -
'R I -_i - ' m ﬂl\ - - . . L E ...-_ N __.- M -
L Ty . iy e : ; Ly P P
lllllllll i e e L M r-. : . - ¥ - Ty Yoo ....L.I i i __.__ T
N ...-.l..-...-.t.n-.-?tt??li.j ....IJT._ 1111111111 . w LR R ' - Rt - ....__..1...-... l.....ll. F} *
ﬂ.l.- .._. -.-... r _1.__.._....1_1_-.li.-._.._11.,1.1-.._....1.:_..:1.__...,......._..-...-...!..-..-. - A t..-..l..-..-..t..-..-..t.!..-..l.t..-...!..-m-...-..!”_.! Itl...tl LI | _l_.__ A m A .._I_.ulr“.__ - A .-.......1;........1..1._...._1._1._1._1._1._._.._1.1.1.1.-..lIl-h’l.ll.-.”lllﬂ.rlll“...l._-_ “. L] .-l ._... ! i.l..__l._l_
- . - - . L - . - - ., . -
. i - s . o li!—. a2 . .'_l.ﬁ_.l. ..1.._ .. ..JE_I - St T .I..._..l. A 4-.
vk .l-..._.I..,.l)l..ll.-.. \ . [ ] ——— . r L - af 2 :
f ‘e 3 r M Lo -, ot b el . 1 -
LR . ' - - fa L] m__ L R | - - A N o ST L N r
.“- ”- h ’ .-“ LY ¥, u L - .-..__L
"ﬁ—.lll. l..l..l...f.lt ...- .._... .i.-.! i A droa ..._.-..__ ] “.._.l...._..l....._...__-_.-....r l...._...l....._...l....._..l....._..l....._...l....__..l....._..l....—-. -‘ P b ﬁl L]
-i___..._ a - ™ [ . T ol . . -l..i -1 . F *
- I.L.._-r..r .J!..-.. > ..-.!r. - I.I..l..lll.-.l‘. o 1 - M,
- I. L -y Lf’r - . . ) 1 ...s.
L] 4 -

4

4
&

I

f ]

Y -
L]

L]
e,

Ty

™ 1

N 4
X

A A A aa
A L L

v orr
. -
P r
[

..v
.I.q ] 1'”.-.- ‘- .I.“”-

s
X
' .F} s
',_*'.:. -
..f" .
3
7

Sep. 26, 2017

L FF 5 - b "
: - S
" .. A il L T .l..?ti'f ¥ b
. - L]
r._l ___” . R vl.-H - n ) * ..-.-.._.”‘_ll. r
- a . - . . L) L ?—- .
...._.u_ __”..__. ) n . ! ! =eEr l..._.._.r i ........l--..i..,..ll..l..-.l. .
—_.._ * i -.r ] | } - Lllr..-l e _ll.-l_l_..__l.._.ll_-.l.l-.
] - gptnggingia gt Woae - - ] -
ke e a - L% -.-_.-_ k; ”1 . *r "
Yt - ) L L) Ta '
.r.....-_-nl._.. e r\U "o . - o . . o ' . .J
. [ . __..l__..-..___q.__. - - ¥ __..-. n . - ] . . . . + .
. [ . [ . L '] -..__ . LR - u
*a " . W T Tk i s - . . .-“ L i ¥ Pl ] \ )
N * u - . . = W - r * b
kR - lr.-_. ne ) r ; . ..l.lt” - .-l ..-..__. L ¢ '.“ . ]
.. " " R * . . »a Fah w . o -_l B .- - R o \ . .
o .on . ' . - .. ¥ ‘mat . o P | ' o cwt x . .
St . ‘_.-“_ . ; . .-t -.._..._.. . G a1 . " . ._._.__-.___ r #.f.. LI n L -
- .ox T e . . b L * Lo A T - 3 e . - C =T Lo W Al .. . K T
B S I A et 08 S ._ D N MRyl 1 e ¢ NI,
. 5 gt T " L - . . ; - . ) R . . : . . -~ .
P 4 s o ol _...l-_-.1.__lu..I Faw s e m - ! ., s e r * ' __..Lll.. - ._.ru.Il_.. ' - N ' }ll. CaPR . M \-.I -y ¥ .
" . § .. Pl ¥ R P A et N Y e e E e * ¥ L .”.Pn. Y ulr.._.rfluj....-lﬂ Ay by hy iy e e el .L...i I, S e A 3 ",
' + o L g ] X 'TT T ARFTT s EYREFT - L] - 4T - L] 4 LI B B S = FFrTT Foro r , ! .'ll.
. .-‘“.& . l..-" .-.- .-I - L “.- I_Il.ll .Il..._.} .I.. - .- FEEEEFFEFEEEEEREERR l.l.I-_.-...-.l.l.l..._.-..-.—_l..-_.?..l...- a2 ..._Illl...-.l.l.l.h.._.-. EE REEEE Fg R _ﬁl.-.. ¥ . PR . iy
.-_... -y P % ) e * T . - . ¥ r b - - 1-...._-. .._.H-..l..-..q -.h_. - " e -y [ '..l,..l‘lF‘.l. .litl.ul.l‘. . a amT T LT
" " ra . n K i n B - - - Pl e e a - Fam . Pl N ¥ L - . roa - A . =y " .
oy - P " . - i o Tl - ' .- - o .-.1.._...- L TN ey . M. b . - P L L ) .k
..._#’-\! L] x - - .___._ . et \ LY r.utlu. ) 1 L] L. - - L I._..- LR R - 4 1._._-_ - ' ﬂ u.” #_-.
L . - H L . e .r'.... /R T N . [ P u.!.r ot . - .-.Iv..._. . l.l. . . . .-......-.....r-._. - M
g - T ", L e . v L ...-% . fllﬁ. ﬁ.nl " ’l-u!l. N, e i... ....-: h!._ Y - ..l.nl vawm
= Ta T I_I_..__ Ir_..... -.1 - » = 3 ‘. - l-......- - L [ - ol . -.'.Jh_n\. . LI
o LN e T V . LI .-.E.r:l_ L .-..-_ L . 2\ -_.-. . W . T - --.. . Wt - o~ ...I.-..‘.
...l 3 ., i i .ﬁ-.—. l.-h N ll-..rillnrl...l.r 1.- o - N .-_-.-.I .-.._ ...-.-.- - R [ lh -.....-. P bl . ‘N l‘ "
Yl T T e ot ar M PN L * PR ' - ¥ )
e L ‘e . -_1.... . - 1-‘"1.”. .i‘. L B - F .o lf.-.._a_.u’l. . - ._... 4 .I‘. .‘1 .t TaF -~ * #
Tyt e ' W e - ...I.__l.__ll.r [ . » - - iy ...II.,-._ iy I e e - a -.M...I.....!.-.
: .l.l = f" ™ . LA ™ - - & - .Il.__..._ ™ i, [ 4 I :.1. e - kL i..‘_-.l_l. __.h - . lu
i - - > "y » EJ . Y j___l_ [ - e .-.“.ll.-_. a1 oo e TS Y - .-.l?._..
o K - l.... L I\. .-.l..'.. - Y .,.l.._ O - o - L - a F T l.._ ..—.h .—.._. u.- .
e T h..-i LA S - a4 - S ...... R ) N oL [
-y r o rm'Tw
v - .

. '
N a2 ™ P ™ * - ) "
. . a

[ 'y l.lhi--“- . h.r..” ”'".”“.‘l. Ii‘h“.r.-..l..‘l!.i . .”"-__.!.” bﬁ ..__n?:. ¥
.- r-. * : i h v.. L .-l..__ .-“.-.1 B n ron’ ren L : _ ¥ +.__.._ ._.”.1._. ' ...
. ' .._.r..-n ., ... 1.._. ‘{"”’n - T ..“.rﬂ__. ....I....__.qt.rru]._.li - ....". g v..q.__.-,.__.-..___._ .... ..._. l‘- ar - ! . .
..w.anJ.hﬁﬁ:.wiaiiq.q.ajwﬁ..;:..,..iwJJWJJﬁW.r.,._.,.?wweﬁ.?.f“.,..f,.ﬁ.ﬁi.fhffﬂfﬁﬁx:«a«uﬂ..fwi.w.igwwiwf.iw..; m
.

\
S g

U.S. Patent



US 9,774,094 B2

Sheet 16 of 17

Sep. 26, 2017

U.S. Patent

L 5

: v

g i

(Gap v
% 4 4 i~ & L~

>
;

ml‘ ml{ h( y o’

Yy
g

. i} . . . . \ . . . . . -
- Ffffii.l,l.,lll..l,l_.l..l.,l_i‘.l.,l,l-l,l,l,h,l,l..lml,l.l_ol,l,l.,l.-.l..l,l.ql..l.,liu,l,l,lﬁl,l,l,t,l,l..l-.l,l..lql,l,l,‘.l..l,l.-l..l.,l,l_.._.l....l,l-.l,l,l.l.,l,l..l'.l,l..l.-l,l....l.h,l....l,lml..l.,lml..l,l_i‘.l,l,l.-l,l,l..h,l,l..lﬂl,l..lFffi-.lffff‘ilfi&lffiffi-lf%ff?. la!..l,l,l..lnl,l-.l,l,lal,li. [T Y. ey PRy AT Ry, SN IS BN T Ry ,l,l.__..!.l,l..l-.l,l..l.ﬂ!l..l,L,l,l,lil,l,li_?l.al,l-r,l,l_l,l,li‘l,l,l-l,l,li...lf ..l,l_l..l.h...l. s, T . Ny S Ry g
- r \ S - . “a N 1 .
[ . T *Ta ' n . X r r
T e ah a B 1B 1h s b B mh fh s a  im saSp e el aalal T TN R - [ o - . + s ¥
¥ - L] L] L 2 1 ] L] Bl .l
r -.; A -_; ' L - + L I
. ; .-.-. A . - - 0 ...h_ ¥
. . - I
..l!.._. d * .-....................................t....l-. - |.-. '
- I.-.f .I.. M e e e B e n}. . '.r
- - " ..-... . ”. Y . r
* O . . -
I e N “ M . . . v T
- _ il
i a'a * a b “a u-.
- T L] ~d & Bl L]
LR ) A r 1
| J LI - 4 F r
T . . . A »
. ¥ o] - .
o~ K . % - » r
L] - L - + [ ]
a g L] LR L4 Bl - h
. - L] -t L_.-_l L] A - + *
"o - Y iy “r PR, f - N e n, ]
¥ ] . - - " = x -
w r - LN a v - - ] . [ ]
. a - _d * - ' - a .
. - [ r [ d " a N [
w.,-_ a F - Ih ¥ ] . - . .
a .k ! e - "o - .
- . - r [ r . h o dm i . . . - : s
- » r M - . - a .
. - [ L] - - . - N [
- - . r - .
. - - ! s r . - " w
R [ o T T il T T T T Vil Tl el Sl A Vil W St i l.l.l.l.l.l.l.l.l....l.l.l.l.b.l.l.“ll.l b.l.#"#b."}.}.l.l.l.ll.#l.l.l.l.#l..._ - l.__d..-.”.”._.lllwl R e e e e e e e e e S T - HI....}.....;..;.....__.l - e e i Tl L L L P B T Sk Tl T L P e 1.T.T.T..T..T.1..T|T.-..T...
. - - A
.-.l Y [ 1 ' Y r " a H [
g .-..- N . - “r Pl
ﬂ-f!.au.,hn R . - - . [
- s ¥ - > - r - [ 3
r [] X - .
] L L) - - a . ]
-1 [ - - .
1 l.-. T .1‘ r - r k
1 o - - 1. 2 . i
1 . " S 5 - e * i
a A [ - A -
1 .—.l .r* ‘l F 'L l‘ * r }
! .—.r at “a . .o W . + .
[ .-.‘ - ..? -Jq..q...l.-..-......- ., - . & [
L] [ ] LI, - - " Ll - ¥
- M I - xbm a2 1 N Fo—
- . = . - a S w4 a e ko oa = O V.
] - » [ aa e T a Caa X - ol . r
r - o - r ._.. et L .._....1h g N s E}”t\. . e -
-, T x i o o r " oA - . oaeTae ow .. M a e .\Tl - " . a . ¥
¥ A - 1l oo o - - L oan d ' a P "
" .01 - . N =T X - Y r . .- F
r * T - . X 'Y - al ¥ M ¥
. x r ] - - a » - .
- . L] - a - - Ll L] Iy - L r . | 4
¥ - - & = 1 T L 5 4 & FE r - LJ - + T_
. - N - - ! » . e . . LT 3 . . . :
1 ot ' § - - + o a b & a - + * ” T 'i
] o ' [ [ - - P ¥ y a r . - Ak
F 1 - i T & . o - op - - . T k
1 1 r . 1 B r N - 1 - - =k
a + 5 & a 1 - - » a ! [ x d '_
» ¥ 3 X a ¥ > r . » r r w -
- ...! .r.—.... - ' r - - 'Y L - a lh N . - - __..-. L] o - o [
] Tk - [ W " IR B . - - - . F r - LR ”- __.- 2
- . - N oa " a1 - r - & 3 " 2 h
1 q -Ta - e - . . N - a . - a r
-‘. L] r-. d - L] l. '-. " -..' - ' .l '-l . .l .—.l ¥ n
-.; T d " T X N - a ..__. . . T ¥ - B - [ . »
r N - & - e - . - - . a ¥ r N - 1l d
E ) & d ¥ a & . I e N . __.__ . a - ..
i- .._... ‘. - - . ' . . 4 = L L L .... ....!
[ a r - . a § = » - a4 . a a h
1] . r ] . r - . a ] . roxa 41 FF L a - F.
- . - ' . r = . - v '3 4" - - r.-.. Y - .
- . . " 1 ) 2 N N Ao .. - - . - "
a - Bl ] a r . * . » . a s - - ¥ FE Fraoagoa 1 - - B . *
- ST oa i 3 PO v » . » P
. - - I o . e v - r - . .
I a . [ & . a " - - [ e ¥ r
: . - ¥ . # P - r. - b
- » ' * - r . o x - ] ¥ a
r ' - _ - ' - A - h
w . ] » k
" L - - r X .
.-l. & . ”.1 .r.._.. * & "_
- N F ' ok -
. . . u T
* ¥ T - I
¥ - N e N “l.
’ - ) . N E - [
a e - A - - i
. - LN - ) » +
" T s r ! . uAY »
H_.fl-. b -...-_ . a N . e T e e e i e P e e - L
. : &, : . : ; :
. - k - -
Ll rt_.t-‘.l.. oW L N . ' |"O
s A . X . N '
Pay : . i
% . . » - N - r . N
a . . r ] a . r a4 . d r
- - [ ] " - X & . . L | ¥ " f] -
5 ¥ " ., T . ' ¥ . o - ¥
‘. T N Pt Y Y ey . .,E o ' . . g x * 4
. Chand] - - = - . -
_E..l.l-l.-!_l.ll.l - g B e e PO - - “ . T ll.JI.”!TJI.. o ¥ " v N - N . L
< . ] a_w " .. . B e T kg Bl ™ -‘lﬁ.l.l.f.l‘ﬂ. . o, [ 1 ™ ' 1 . 1 ¥
- - . F - R A L AT A = m . - BN L . . ' . [
+ ' - - . - ] - B - -y n a L] . ] a _H_l_rn. ¥ L) ' - -
-.-E.n. - am 1 - (- ' i - . - ¥ L . = [ . i - a R . ¥
. " R - LA L Ca k=R .+ - k - ' A » . i
e Tl T T » . T ~ = m 4 i 4 Ta Pl ) L .lh ¥ - - - Ta - .. *
G Bl I T e I 3 ] . - a » P * . F - - s - i i . - qmayoakoyoak b
. r . " e I R R T B I R N .-_.'. . - ..I S, ‘ﬂ g . .-........ . .r..r..r..‘__. IR PR IEIETE I B PR AT A T y F.
- e - r's Al ..-..-._,...-...._..._...._..........._'.“..._...._...._...._...._......l.r.-..l.r.r o dm ddn ot e i e dm e e e e e e e e e ke e e g e e By e I.l:..l.rrrrlil-r}.&.”..._...._...._...._..l.,. o, ] .. [ ]
¥ l.‘.ﬁ. = 1 LA e t - ". . I [ a P ' *
. g - . @ am . Em * . v R L] - U - . h
- L] - * L] L] L B 4 - L) ] *FF W L] ' r | 4
o T ™ e Fal s [ ntoe, S y - e ) i » : .-_..-.r * - " r
i . . - . . R ' ] . ..H_I?lil... - M .1.._{ . ni L3 F_. JF L] P
- h [ ] - L P F i‘ ", v . [ a = N g [
) T ol S aom Ty e L ' e . .1.._.._{l!_..,-........,........,....,.....__. Yr T e 1 ¥
l-._.il_fll___.lo}- ia_.hqh._..i....._. - .il...l.. e et - -.l - |“l.1r ‘i.-..-.uul. A A A e e b R -l. m - "'&. < .‘ij\-& 'r
P . A e 13‘1 . h . - " . I . ) )
¥ T g Tt en e v e Moy - . AR - A s "t ’
a " - - [ . LI o [ ] . ¥
"a'y " . " I.i_l..“. - N 1 - [ ) - ' " a - h
- "u a * T . - I|-.- ¥ n i e »” T . m.. "
"- LH. ' “a b T . - A [ [ P 4= - h
- oa g Fa - L] i L] » . . N - - 3 & [
r o e e il . r.l 2 e ._..H‘- - . - - o " o, ._._. P e »
Cal o N N+ n a'h ak & I - . - .ll.l.u.lt.ll.ll‘.i.l. . RECTIE M w _n. - 1 . 4 s
. ..-..r.r.l > !.-..r-.-.r.r.r._ - -. - ,.l...l-l.l.l...l-‘,ﬂ.l..lt.__-.lrt.._ -k l_i._ " .._.._l.t.. j.!_-ul.._.llli. " . -.__ ., - ._.. I_..li..a'. .li.{l-‘..llul. . -_-_-l -4 0l
a - : * gy = LA B oy o - 1 - !.J-}li.li.‘. ¥ 1t - T . Y ' I » r r ¥
- ¥ L ICE L LA D N - - o -_.ll.__é_l._ [ ] ' L] - L [ | L] ' T
' .. B Ut I e e R L » - - . iy L LI -
_ - .__... l_._. .il.lli.....l-_.l - .-_- L I N N N N . -_......... i .-_l.... - .-.1 _-.... .-.L_... .l....- .__- A . ...__. -..- nr -.-...-. T J...
L] - -k & 4 L bl ¥ - T L] - - . - LR B B L +
* - ¥ - . . . . ..._H. u N b ] ..
L4 L] [} 1“ * R | hH
.-.- .-.i & w - .._l.__ ] | 4
" Fow Pt Y L > ¥
Y a r - - . o U ] .
[ ] LI B L] - 4 = oa 4 F *
- [t S . * - r B -k a
i L - L | ¥ ", 1.-_ -_-. - ' .-._....I. - q.._. ) < ._
e, Pl l.-.r..ri. .r. -.r..i I..-.I.- [ . !...__ T " - o' sl " e r d
LI | . & g - - Lt N - L] - -_- L n - E) -
L - - 4 I.I..l-.-..l - m L J & vk b oa o oy 4 - - " L 2
" . ¥ o N ' - s . " P i
l._..l........-....._..l N . - ip = - L] - .__.Il
ra e B i PO P . - Y "u P
L N Bl - Bt A .‘.\..uni.ﬂ o L att ..._..qi. . FLRE ) ) u_l.I...._,.l..._,.l..._.-nl_...
ol o it o ™ r ¥ b
g g e T e e . R . S P
. w . ™ [ e e 4 = Y . ¥ [ ¥
an . . a D Iil..... - i " L) L L] ‘._
L - & * - 4 i & _- - pa & L J =1 -
a T & - rg =% - - * . - a"® .
Y - oy - - + .‘-_ * .._l - ....-.1}. d . X B r 1
I'.-_Il.l. _l.r. ) I.... .-!..l-.- - .-_.__. X -.... .ll.r ¥ .r.r-..-_. LT . [
. .-_l._ Ih .-.-...__ a .-_1__. -._.'“I & % . '._.
i Ve T Tt o at . LI R d
- L - F LI | -k | 4
. - N - -~ .__I_... - .
-.l-._ T * l.-.l....vl.r . l.._..._ - 4 L d “T.
.1- . ‘l-'l.-l. 1 _.'.l‘.'_l - l' ¥ L
Ll -_-.:l.- T, [ ] x [
r < - r
! [ 3
L] L
u & PO .
Tl Y Fl EARLEN " Uil [
I.-.-. . » - [ Y s
T A -_-. i i ._.H - ...i 'I.
N - .
. ety I_.-r..m-_. #a Wiyt T RTT ¥
._.._.'.r...l.-_ “m .._.._ i + ..__il. '
. a7 ‘et y s * .l-..l._—_.iﬂ - a e ——— T T T T T T w'r ¥
. .. . - - . .
LR l.r.rh..__..__..._...._.._.__..._....r.t.t.t.t.-...r..r..ri K . I .I_.-. E ] ..-ll. -_... . . RN I .rl..-.r Pl
=, . - B G CEE o e T e e T T v
" a LA, it LN iyt o - - . LI o pd
.....r T o m . * [ . Ve gty .I.I.. . 1 X a ¥ .
- . " . iy ' T ok oa . ._Eli.-_q PR roh -’ T -
. . o . Wk a Eor [ ' 1 [ . i} .
="a [ - O Tt R % . P [ M 1. ¥
ir ] e L] 4 L ' L] L ] ;
g = . i -lh ....-_. r _-.Fr - . [
._: - N .__.__ L .-.li.l... . . - -t .__1._:-.._-. - F.
L] Il. L4 L] - L] - 4 *
...-...... oy i.ll . I N . ' " ' e .-.... - - e L
.!._ f ' . ) e " i -~ LI x F. »
- . .- -
e 1- P ] - l‘-.- LICTCN . l..l-_..- " 1.-. i
y . -y -4 [ 4 . . ‘l
. ...-_.-...-._. -_-_ L] .-.I .-.I.__ rE ', o L] » o Ihl - a, a* .-.Tl... ¥
- . R _
.-.-...... . .-..r_.._._..l - . ._....i.'-.ln.tu.._._..._. .__.-.' N L s AR ™ aoa =¥ e * ' r
F Fap - P r W r LR - .-.iu - .
.;.__ - . 2 . P R o » o o = l.. "._
B - 2k N e ¥ ol 1 - bt "ol '] atn’ .
r-. —... | ] = FF B - .I..r. &, 1 L] .I.. l.r 4 .-l .I‘ _.'-.1 ..
Pl B PRy ey 2 ik . ".I.
- . . . ¥ - " P PR
LI S B N | . LI T - - - w1 -
- » Fe . - = e W ! r...__ LT .-.l ! - r i
- . N . - w " ..n-__l\ .
e F oy, - BT - -t .I..-..__..r.-_il F - "™ o - Pt Jif F
L a’r » 1 T R ) » - ol
a . > oy - > r . LR L - W ar
. - - a i - -“.l..- P g "n o - .y iy r.-_ ¥
- - d - . r - .I-. » . - A ¥ 4 - -
) v T o . e T . s - el .__..-.—.-_ ' . - , T_
. N " - : . ; ; ) . ! 1 _ : . . . = 1 . . : . , r 1



US 9,774,094 B2

Sheet 17 of 17

Sep. 26, 2017

U.S. Patent

(3~ 2= I~ S

' .
-
¥ | - 1
Ed
| L] i,
] LI
I 1 -..__r- i -
. _ .
.-l l1l r [ *. .+ '.
Sy + s -
ca t+ -
..' hd il b N e
¥ s ¥ - .
e mTa * - ..
.
S : , ¢
: N -
] x . * [ »
[ ] 4 “r * .
- L] [y ]
d_“ ol - A o, * . ..
L] L]
¥ .I.-..__. . ._r.. - * r . i
] ¥ : b R R AL . 2 v
- - e = a L - s ] F
A .
4 at 4 e .-_ - ' » Ny . ] ]
L3 + | | .
¥ f ra ] - v B L
- . __.._.... L] - | ] n - . A ]
l_- : » . N a .....- LI ] a -
o da e dnode arodm e e oo ke Jn ko oa . . ’ . u’ - o .
m gk am e e e odm e da o e e e S e e e = AL A A A A A s - N =" . ' + ﬁ" &
“ F.l..,_.l..,_.l. . e T T T L T T T T T T Rl ...: - “ . v
[ . - -
.ﬁ “- b 1 bR ri.__.-_....I-. ll'l.. P e e e T T P Tl T T P ._.n
-- - & h b~ = &+ rI‘-.j-.‘-.‘‘.‘-.‘-.‘-.j-.‘- ] - 1l '-
] ™ * 1 . N : : e T T P e A A s ]
N 1 - - - St t - - a e dnde o A om L)
...-lllu.li.li.l. . = 1 . r e S e e e e dn et deoa o b ke ol ke e ks B
- Fl .li.-‘.._.lul. .}..i . Y » L . ', X
1 ] s I - A L i
L] - » 4
¥ LSS SN N W ! n : . - '
L] - - n_- . .
.“ 1”'\" “ ol ¥ i in, t . o h. L] "-.
" - - L L] -
' i\ . - Hou . . i ; - ] .
o i hj.___.r____-l‘ Lt e, R " - . * " __ “-.
- [ - ok - -
I “ i . a .—..l 'y .:__ ln ..- I—.-I.T._-. 4 4 7T [ .. ..n ..i . qn -
¥ .rr. = ! L i - . L -_I__. F] a r . ; ; .
- & o - - ;
] P [ .y - [ l-....-.__-.__-...-.._ " T -, . " E -
- , - ] . v . . A ..
i - X o . - *
l ] u r L] r L] a .
- 1 u - - | ]
] . P S e * PR .
L - L L] - = . - f
I.- N " a » L] e T i R -t ™
l 13 L] Y . - It ' [l .
| b ¥ " . . F gy T ¥
N . - . - "a 2t T . ¥
- - . .
. L] __.' - .—_l. . K gt - .1:1 _ 1- ..__ 3
. . ] =T - . N - B
[ L) t L] T . .- . " " TS at *
i * ] . STt ; o s L N by
0 0 " -
[ ] * . ot “ -t & = T * S 2! "
. 4 F . + ] - Ly
LN " . - 'y " . A . < .. *
¥ - r - - - - "2 LI - ' - o ©
5 u - N R - M . L] . " .
N ;... . - - ’ v o N - ¥ - |“
N * . - * ¥ L "n
. .
dp i i i 1 - -
& . R.lﬂ. ¥ L) “ 2 ! . ;! g . w PRI +".-
L] 4 - [
] " X ok L} & L] L] N . ..
) - - 4 - ) - =
S el : . . : - ; : E
. - -
o -.. ...!-.u.ﬂ..f - o it » x, ' "1 [ * o h.!ﬂ.n....-.......__ «
- L - .l. [ N - ¥ + - + » N )
[ . [ . ' - . * * =t " *
] Lg I..-. | ] o r 4 L] a - N L
] * y ' L " - . .
X 2 . : ; : ‘b
] ..-..-.. Y . . L TF - L P . 'y LI
I . “' - . -.n aT " . b rl- i —_n ﬂ’ “. - r e
p L ¥ - " e . oma . L] f - L) » 4 ;
I : ." . N o a . -_..-_ - -kt AL o - " " i RN N . JI.
- - a +n 2 " e L] - ¥ - ¥
r 4 L] [] ] [ - + - .
w § & L} - ] ¥ -t x l. L.r f
I-r.lif a Ul ) 1 r ;
- * « v M * 4 o s .'n. [ ] ..._. "_.
"% " - 1 ......_ - " T | ! :
- . . . N e : - b
. [} ¥ ., a * ' P e L Ak - ) Il :
] ] - L] - - ] [ . L L) JLICE B P IE BE U DE I P . T L] * :
l‘ . - . L N » Y - . - > 1 ‘ . A ' .f.
a . ; - . " a
R * T ’ . . . - . - h ' *
g % * - b r o "1 " [ ]
-‘_. " . Ve JI_IU‘ " . * . * x
-
- . . + . - " - . . .
- - ) . . - - C . - - R it »
l i Ui T ll.l A m “a .-.r..a. .I..-. e *-.. T A . ! - . .
[ T Tl R VR - . ™ - ' L a s
- K " A A N N N I ", -7 L] a" * - . * .
. e T T T T, P .H.- -_-_ . a . * A '—.
- - - . - " . T L] L]
L] - - 44 e . .. :
" L L A T T e T Sl T - i L] LI a N -uw L 'y T, »
] - I ERE R T T R B T T R N Ui T L] ¥ ___._-..fn.,_r- = * ! .
Ly a oot » Ta LI ve s s s i i s s s ae L] 1. r . L]
.-.“ -~ r LI LI T R e R R . IR e PR =" - Y . o
l * v o r.—.l.lt_ e ‘Mﬂ.__ et TR R aTa Ty T s ek T L *
r LY “.‘ - r ' ;
Fl - [] [ ]
I +l H - * }1 L] a .I.I. ll b I.,.l.-..-.-.-.,.l_.i.. I-_ .-n .-
- __.l._ Jar ¥ - L R i I - L " . M :
.
] - *a T e - H " LI A L N s - a7 iy . IM s a .
N . * R L R T N P AT T T T e o -t . L3 - - L)
= - - ¥ & s N g » B * "a
1“1 - L e ™ : 1 - " " T hoywwyp=r - F n L] r
a_n " - .
* ¥ L3
- e L} - & . I .
. g = L _ :
L . o ¥ - W - Lt » .-..rn--.u..-..,i..rl.-...t.-.. -
" ¥ L - . - a & x o [] Ll i bl [ ]
LI : . A L B . - R . .
. - . L . + . .
"..u -l “ﬂ ' . bn * ‘s l.a—.l—.‘.. FErERFasarw »T .'lrl Il. " |l. ‘} '
- Ll - . 4 K
[ ] . & r . L]
I. s » = T T L .TT - ...a. . i} " F
= s T " ]
- i £l - T,
[ - - . . ] & . . - g
. ) . M - N L]
L] ¥ . b - - *
. " -, s = 4 l..‘..' - 2 Fr =
L o * N O . v ¥
» AL ]
r a I . Y __.1.__..1.-__...-1.-_....,..-_._..._...—.._.-..-_.-. S ...
] - i L)
. .l.-. l......1...:.__-l-lq.._..._-.._q...._.-...l1l r
. )
.
;

LA A AR
1

DR SRR R S
‘x

“__...
M-
] “a
[
LB u
" LR .
..“ L] l_.-. * l“ . . .T....l
. 1
i ' eu-.t- Lol
o - . o Ay ! :
L] - - LI ] X ...n -.I -
L] - g B L] r .
] s A e L - -
L] > - L] i
[ e - .
+ A s R S T -
L - ™ .
- ) R vl e, :
] N R R )
- ] . .-
- .l!..l..l..lﬂ".llg .. -
LB [ . :
] %k. ettt e - O '.
M ot LR r.lﬁ.l_.s i e W
- ._.q..v.... . .._.r..-. e i .
re.- a - - - T ﬁ_ .
N e a et e - L T T T v L)
- - i .- L L] » - - . =
[ _ L] i N i - "
K r 4 PR L oa# a , =
" , et . .-..-_ " - ~u 3
& - L . L
] Y ., L LT . T A F - Iﬂ, e
’ IR : . ate e .
k Y aTe ] -._r -..- i‘ '.:h . u_ ) " ™ "
Ll F 7 e e o L] b . .
" R .-..........l..-._-_.,l e wm st ___l._.hulli.. L i
b - * .. * :
. e W " e h i O Y TR L .
. i = ™ MLPE N N T N . L]
_ L.- . . " .rn P e e e Tl Tl Vi T TR SR, H - ot [ ] _— u - &g - - -
- ...n..t - - . - am .—_..u.__..__ -...t.i.r.-_it-. Mmoo oa A gttt Uy R I I I N .
¥ . - r b Fdroa xr Wodroa aArrrrEm L e Fdp m a i
- R A . L BN FUR i . e omat, 2 .-"_-.:.!1 Y I‘.__.l..l i o R -
M “ l-. e -.-..._. L ! l“. A _-_l [ . .__..l.-. TF - *ar __..-.-. .._.T.-.I B oer= by F '...__.li.il-‘.. .-_
l l‘.__l._.. LN v .- <. " A TR A A" f_- . .I.ll" Toroad . 4 F .-.‘ - *
[ ] L - L4 . H “ " T L L - L] ]
¥ .“._ .o TA. Yo, T ey Bty .l_‘.l...lﬁ..l. * L e : ¥
- ¥ . r . . e
=1 .. “- w.r”'\lﬁ e ., + i . ..'.' * l._-nl.._”-. v
" B W "a . w e . = B L B T P * . *
. A m_k i e wimet T T 5 Twe . . - g l-. L Py I.—_ = .
K LIC RN I ' R o L. et o v . . -
. - - . .
¥ E B . W e a e e ¥ - .,L-. T . I v *
N - BT T e A A . T R S lli..__t-...._ - - - . )
LT AL .-_.-_- L ] -..I-..... I.I-.l . i........._.__. - M
» - - ' -
; . i I _ g C . U e
L“ . r.-.-j... : A . ., - h .- - ¥
" Ta Jlu-.- u 4 . =1 1 i
. . ] A r'a a » - = m p# »
N Foa “a ___l___.”_ L = a,.- e "a ¥
] i e " . e P rodr i oa
.-.ﬁ E »r r oa - T L -
., .. X FERC I
] * ' a M . ¥ - .
' - L '
- - L L] - - . a4 & F .
l - r " . . L - " r oo .
- . N [ ., 1 . - ! M .y
2 . N n - . ' .__.J . . [ ]
- .
- 4 ...l. - -7 ﬁ- . . ._.
- B R Py o N\ T
iy il gl g + - -4 & -
o e e S A, L g gl gt g ...,.431_.(. '

._.
e e g g g e g e

\

g A g g £ o e R e g e . . X
: : , e e e e e e e g e s : .
* . A g e g S S g A e g o A g g b o T i g i g g o o g g g g e e g
. _ e g e o gl o e o o Bl g e
b b K ¥ E i reey

¥

&

5

F

[

5
!

ity

L

__,.
T S P R e e g e e iy .ﬁ#
’ .

anad




US 9,774,094 B2

1

ANTENNA WITH SHAPED REFLECTORC(S),
RECONFIGURABLE IN ORBIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to foreign French patent
application No. FR 1402239, filed on Oct. 3, 2014, the

disclosure of which 1s incorporated by reference in 1ts
entirety.

FIELD OF THE INVENTION

The present invention relates to an antenna with shaped
reflector(s) which 1s reconfigurable in orbit. It applies to the
space 1mdustry, notably to the field of satellite telecommu-
nications, and to any type of antenna comprising one or
more shaped reflector(s).

BACKGROUND OF THE INVENTION

Telecommumnication satellites are generally provided with
antennae which permit the generation of one or more beams
having an optimized directivity, 1in order to deliver a foot-
print which ensures the coverage of specified service zones.
These service zones are generally defined and fixed at the
satellite design stage, and cannot be adjusted 1n service
during the lifetime of the satellite.

Flexible antennae are antennae which are capable of
synthesizing one or more beams, whereby each beam 1s
defined by a law of i1llumination which 1s adjustable 1n
accordance with requirements during the service life of the
satellite. The synthesis of one or more beams 1s achieved by
the amplitude control and/or phase control of each elemen-
tary radiating feed of the antenna. The capacity for the
modification of the position and the shape of the beam in
orbit 1s particularly useful for the adjustment of the footprint
in response to a change of requirements, or 1 order to
generate a directional beam, or to ensure anti-jamming
capabilities.

A first solution for the achievement of a tlexible footprint
could be the use of an active DRA (Direct Radiating Array)
antenna. This type of antenna 1s not fitted with a reflector,
and comprises an array of radiating feeds associated with a
BFN (Beam-Forming Network), attenuators, phase shifters
and amplifiers. The DRA permits the synthesis of recon-
figurable beams, but requires a large number of radiating
feeds and, 1n consequence a large number of amplitude and
phase controls, thereby necessitating a substantial quantity
of on-board hardware, both for the BFN and for its elec-
tronic control and regulation device. This type of antenna 1s
therefore particularly complex and voluminous, expensive
and heavy, such that 1ts use 1s frequently limited to military
applications.

A second solution could be the use of a FAFR (Focal
Array Fed Reflector) antenna, comprised of an array of
radiating feeds accommodated at the focal point of an
unshaped parabolic reflector. The coverage achieved by this
antenna 1s a direct image of the focal spot of the array shape,
whereby the position of the feeds 1s directly linked to the
shape of the area to be covered. Each feed contributes to an
clement of the footprint, described as a cell. Consequently,
there 1s a direct relationship between the size 1n area of the
footprint, also described as coverage, and the number of
radiating feeds, which may become very large when very
extensive coverage 1s required, thereby resulting in prob-
lems 1n the fitting-out of a satellite. This type of antenna may
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2

be suitable for applications which are restricted to certain
frequency bands and ground coverage of limited size. More-

over, 11 these areas of ground coverage are to be adjusted,
this antenna requires the extinction or activation of a certain
number of feeds and thereafter, generally, a re-optimization
of the laws of amplitude and/or of phase, which necessitates
the use of a matrix of switches and a large number of
controls. The BFN architecture 1s therefore particularly
complex, with a consequent mass, volume and cost. More-
over, the resolution of the antenna, which 1s directly linked
to the size of the feeds, and the reconfiguration capacity,
which 1s directly linked to the capacity of the BFN, are
limited. It 1s possible to reduce the complexity of this type
of antenna by using a reflector with a shaped surface, which
permits the expansion of the size of the elementary beams
generated by each feed, and a reduction in the number of
feeds required for generating a beam which ensure the
ground coverage, and in the number of corresponding con-
trols. However, the resulting antenna 1s still highly complex,
expensive and voluminous.

Although these various known antennae feature capacities
for flexibility, they all have a major disadvantage, in that
they are not 1deal for conventional telecommunication func-
tions.

SUMMARY OF THE INVENTION

The object of the invention 1s the correction of the
disadvantages ol known antennae, and the realization of a
flexible antenna which 1s simpler, less voluminous and lower
in cost. More specifically, the object of the invention is the
realization of an antenna which 1s reconfigurable in orbit, on
the basis of an existing antenna with shaped reflector(s),
initially optimized for generating a beam over a predefined
and fixed zone of coverage, whereby said antenna 1s modi-
fied moreover for the generation of a tlexible additional
beam and/or for the achievement of tlexible beam combined
with the initial beam, and 1s suitable for use, for example, for
the protection of telecommunications against jammers on
uplinks between gateways and a satellite.

To this end, the invention involves the modification of the
existing antenna by the addition thereto of an ancillary
adjustment device for the generation of a secondary radia-
tion diagram, and the coupling of the secondary radiation
diagram, by combination or superimposition, with the pri-
mary radiation diagram of the antenna, in order to modify
the radiation capacities of the antenna, such that the latter 1s
rendered partially or completely flexible. The coupling sys-
tem between the primary radiation diagram and the second-
ary radiation diagram may be of diflerent types, including
combination, superimposition or filtering.

According to the mvention, the emitting and receiving
antenna for a telecommunications satellite 1s provided with
at least one shaped reflector and a primary radiating feed
including a primary reception chain, said primary radiating
teed being able to generate a primary beam with a nominal
footprint. The antenna 1s also provided with an adjustment
device for adjusting the primary beam, wherein said adjust-
ment device mcorporates a secondary radiating array com-
posed of a number of elementary radiating feeds accommo-
dated around the primary radiating feed, a beam-forming
network connected to the elementary radiating feeds which
1s able to synthesize a secondary beam having a footprint
which 1s superimposed, at least partially, upon the nominal
footprint, and a coupling device connected to the primary
reception chain of the primary radiating feed and to a
reception chain of the secondary radiating array, said cou-
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pling device comprising at least a first filter connected to the
primary radiating feed, at least a second filter connected on
the output of the beam-forming network, and a dual multi-
plexer comprising two inputs which are connected respec-
tively to respective outputs of the first filter and the second
filter, wherein the dual multiplexer 1s capable of multiplex-
ing the reception frequency bands of the primary radiating
feed and of the secondary radiating array in order to recon-
stitute a complete and non-jammed reception frequency
band.

The first filter may be a selective-rejection band-stop
filter, and the second filter may be a selective band-pass
filter, the selective band-stop filter and the selective band-
pass filter being centered on frequencies corresponding to
the emission frequencies of a jammer.

Alternatively, the first filter and the second filter may be
band-pass filters covering the totality of a reception 1ire-
quency band of the antenna.

The coupling device may also comprise a switch with two
positions having an input connected to the primary radiating,
feed, said switch comprising a first output position con-
nected to the primary reception chain, and a second output
position connected to an input of the beam-forming network.

Alternatively, the coupling device may also comprise a
coupler having an input connected to the primary radiating
feed and provided with a first output connected to the
primary reception chain and a second output connected to an
input of the beam-forming network.

Advantageously, the coupler may be a variable power
divider.

Advantageously, the antenna may comprise an electronic
scanning control device linked to an on-board computer,
said electronic scanning control device being connected to
the beam-forming network.

The major advantage of this type of antenna is that 1t
permits operation in two different modes: a conventional
mode, 1 which the antenna delivers fixed coverage, or a
completely or partially flexible mode, 1n which the antenna
generates a flexible beam for a part of the operating fre-
quency band of the antenna, or for the entire operating
frequency band, according to requirements arising during
the operational life of the satellite.

BRIEF DESCRIPTION OF THE DRAWINGS

Further characteristics and advantages of the mvention
will be clarified 1n the remainder of the description, which
1s provided as purely illustrative and nonlimiting example,
with reference to the attached schematic drawings, which
represent:

FIG. 1: a simplified schematic view of an example of an
emitting and receiving antenna, according to the prior art;

FIG. 2a: a simplified schematic view of an example of a
flexible emitting and receiving antenna, according to the
invention;

FIG. 2b: a schematic view of an example of the arrange-
ment of feeds 1n the secondary radiating array, 1n relation to
the primary feed, according to the invention;

FIG. 3a: a synoptic view ol an emitting and receiving
device, in the case of an example of a single-reflector
antenna, according to the mvention;

FIG. 3b: a synoptic view ol an emitting and receiving
device, in the case of an antenna with two reflectors,
according to the mvention;
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FIG. 3c¢: a synoptic view of an emitting and receiving
device, in the case of the example of a single-reflector
antenna shown in FIG. 3q, with an adjustable BFN, accord-

ing to the mvention;

FIG. 4a: a detailed block diagram of the architecture of
the emitting and recerving device of the secondary radiating
array shown in FIGS. 3a, 356 and 3¢, according to the
invention;

FIG. 4b: a simplified block diagram of the architecture of
the reception chain of the secondary radiating array, 1n the
case of beam generated by the application of phase laws
only, according to the invention;

FIG. 5a: an example of the primary radiation diagram
delivered by the primary radiating feed of the antenna,
according to the mvention;

FIG. 5b: an example of the secondary radiation diagram
derived from one of the elementary radiating feeds of the
secondary radiating array of the antenna, according to the
imnvention;

FIG. 6: an example of a scenario illustrating the location
of a number of jammers and the location of a number of
gateways to be protected against said jammers, according to
the invention;

FIG. 7a: a block diagram of a first example of the
architecture of an antenna comprising an adjustment device
for adjusting the primary beam which ensures the protection
of gateways, in a number of channels corresponding to a
predetermined frequency band, against jammers located in
the primary coverage zone of the antenna, according to the
invention;

FIG. 7b: a block diagram of a second example of the
architecture of an antenna comprising an adjustment device
for adjusting the primary beam which ensures the protection
ol gateways against jammers located 1n the primary cover-
age zone of the antenna, according to the invention;

FIG. 7c¢: a block diagram of a third example of the
architecture of an antenna comprising a continuous adjust-
ment device for the primary beam which ensures the pro-
tection of gateways against jammers located 1n the primary
coverage zone of the antenna, according to the invention;

FIG. 7d: a diagram for a variant 1in the execution of the
architecture of the antenna shown i FIG. 75, according to
the 1nvention;

FIGS. 8a, 8b, 8c: three examples of modified primary
radiation diagrams, produced respectively using the archi-
tectures shown in FIGS. 7a, 7b, 7¢, according to the inven-
tion.

DETAILED DESCRIPTION

e

FIG. 1 shows a single-retlector oflset antenna according to
the prior art, comprising a reflector 10 and a radiating feed
11 arranged at the focal point of the retlector. The radiating,
feed 1s conventionally comprised of a radiating element, for
example a feed horn, connected to an emission and reception
chain. In emission mode, the radiating feed emits a beam of
clectromagnetic waves 15 in the direction of the reflector,
which retlects the beam and generates a desired footprint 12.
In reception mode, the pathway of the beams 1s reversed.
The reflector 10 may be provided with a parabolic surface,
or with a surface shaped in three dimensions. A shaped
surface 1s characterized by the presence of hallows and
bumps on different points of the surface, and permits the
reflection of a beam delivered by a feed, by spreading the
energy thereof in order to achieve a footprint of the desired
shape and dimensions, as represented, for example, on the
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radiation diagram shown in FIG. 5a. However, the beam
delivered by this antenna 1s fixed, and cannot be redefined 1n
orbait.

FIGS. 2a, 3a and 3¢ show synoptic views of a first
example of a flexible antenna, which 1s reconfigurable 1n
orbit according to the invention, wherein the antenna com-
prises a single shaped retlector 10 and a primary radiating,
feed 11 placed in front of the reflector 10 and designed to
radiate a primary beam 15. FIG. 356 shows a synoptic view
ol a second example of a flexible antenna, which 1s recon-
figurable 1n orbit according to the invention, wherein the
antenna comprises a shaped primary reflector 10, a sub-
reflector 35 and a primary radiating feed 11 placed 1n front
of the sub-reflector 35 and designed to generate a primary
beam. In the examples illustrated in FIGS. 24, 3a, 36 and 3c,
in order to achieve beam flexibility, the mnvention involves
the association of the primary radiating feed 11 with an
adjustment device which i1s able to modily, 1n reception
mode, the primary beam generated by the primary radiating,
feed 11 according to requirements. The primary beam may
be modified, either partially for certain reception channels,
1.e. for certain operating frequencies of the antenna and/or
for a given polarization, or completely for the entire recep-
tion frequency band. According to the invention, the adjust-
ment device comprises a secondary radiating array 13 com-
posed of a number of elementary radiating feeds 14, a
beam-forming network (BFN) 18 connected to the elemen-
tary radiating feeds 14, and a coupling device 30 connected
to the reception chain of the secondary radiating array 13
and to the primary reception chain of the primary radiating
feed 11.

As represented 1n the example of layout shown 1n FI1G. 25,
the elementary radiating feeds 14 of the secondary radiating,
array 13 are of smaller dimensions compared to the primary
radiating feed, are defocused from the focal point of the
reflector 10 and are arranged around the primary radiating,
teed 11. The elementary radiating feeds 14 of the secondary
radiating array may be arranged in the focal plane of the
reflector 10, but this 1s not mandatory. The primary radiating,
feed 11 1s composed of a primary radiating element, for
example of the horn type, associated with a primary emis-
s10n and reception chain connected to said primary radiating
clement, and 1s designed to generate a fixed primary beam
15 1n order to obtain a nominal footprint 12 of a predeter-
mined shape which 1s not modifiable in orbit, such as the
coverage represented by the example shown 1n FIG. 1 or on
the radiation diagram shown in FIG. 5a. As shown, for
example, 1n FIG. 7a, the primary emission and reception
chain comprises an exciter 20 for mono-polarization or
bi-polarization, for example an orthomode transducer OMT,
connected to the radiating element, and one or two diplexers
21, 22 respectively connected to one, or respectively two
ports of the OMT. The bi-polarization exciter 1s designed to
deliver two orthogonal polarizations H and V on its two
ports, and each diplexer 1s designed to split the operating
frequency bands of the primary radiating feed 11 into two,
in order to produce two orthogonally polarized emitter ports
TxH, TxV and two orthogonally polarized receiver ports
RxH, RxV. Alternatively, if a single polarization mode 1s
required, 1t 1s possible to use a one-polarization exciter and
a single diplexer. In this case, the primary radiating feed will
only be able to operate in a single polarization 1n both
reception and transmission mode.

The secondary radiating array 13 i1s designed to generate
a secondary beam 16, which differs from the primary beam
15, for the coverage of a secondary zone having a flexible
secondary footprint 17, 23 which overlaps, at least partially,
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the nominal footprint 12. The shape of the secondary foot-
print 17, 23 results from the synthesis of the elementary
beams 1ssued from each elementary feeds 14 of the second-
ary radiating array 13 and reflected by the retlector 10, the
clementary footprints of fews elementary beams are 1llus-
trated 1n FIG. 2a by the curves shown by dotted lines 17a,
175, 17¢. The synthesis of the elementary beams 1s achieved
by an adjustment of the phase laws, or of the amplitude and
phase laws, applied to said elementary feeds by the beam-
forming network BFN 18. As represented in FIGS. 3a, 35,
3c, 4a, 4b, cach clementary feed 14 in the secondary
radiating array comprises a radiating element, for example
of horn type, connected to an exciter 19, for example an
OMT, operating in one-polarization or in bi-polarization
mode. In case of operation in bi-polarization mode, each
exciter comprises two emitter and receiver ports which are
orthogonally polarized 1n relation to each other, designated
as H and V on FIG. 4a. The emitter and receiver ports of the
exciters 19 of the elementary radiating feeds 14 are con-
nected to a polarization separation device 24 including the
frequency-division diplexers 25a, 25b, thereby permitting
the facilitation of the routing of signals 1ssued from the
secondary radiating array 13 by the respective separation of
the reception channels Rx and the emission channels Tx,
originating from all the elementary radiating feeds 14 into
two groups corresponding to the two polarizations H and V
before transmitting them to the BFN 18. The BFN 18
comprises four identical beam-forming modules 18a, 185,
18c, 184, wherein the two beam-forming modules 18a, 185
are respectively dedicated to reception and to the two
polarizations H and V, and the other two beam-forming
modules 18¢, 184 are respectively dedicated to emission and
to the two polarizations H and V. The modules of the BFN
18 comprise phase shifters 26 which apply specific laws of
phase to the various emission or reception beams routed via
the various channels, then respectively transmit the groups
ol phase-shifted beams corresponding to the two polariza-
tions H and V to power dividers/combiners 27a, 27b. The
power dividers/combiners 27a, 27b function eitther as divid-
ers, 1n the case of reception, or as combiners, 1n the case of
emission, and distribute the power received between the
various receiver ports, or respectively combine the power
originating from each emitter port. The BFN 18 may also
comprise amplifiers, attenuators and phase-shifters, which
act on the amplitude and phase of each emission or reception
channel connected to a radiating element, in the interests of
the improved generation ol beams.

When flexibility requirement 1s clearly identified and
constant over time, the phase laws, or the amplitude and
phase laws, delivered by the BFN may be pre-defined and
non-modifiable. This applies, for example, when it 1s nec-
essary to eliminate a jammer, the location of which 1s well
known. When flexibility requirement 1s susceptible to
change over time, for example in the case of unpredictable
interference occurs or when an unintentional and unforeseen
jammers appear, then 1t 1s possible to use an adjustable BEFN
allowing the modification of the phase laws or the amplitude
and phase laws, as represented 1n FIG. 3c¢. In this case, a
flexible beam may be synthesized by the modification of
phase or/and amplitude applied to each secondary radiating
teed or, as 1llustrated 1n the simplified architecture shown 1n
FIG. 4b, on which only the reception channels are repre-
sented, 1t 1s also possible to synthesize a flexible beam by the
modification of phase laws only, using a simplified BFN in
which the secondary beam 1s obtained by phase setting only.
The secondary beam 16 synthesized by the secondary radi-
ating array 13 1s directly dependent upon phase, or upon
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amplitude and phase, applied to each elementary radiating
feed by the BFN and 1s reconfigurable by the modification
of said phase, or amplitude and phase.

For the purpose of adjusting phases and/or amplitudes
laws applied to each secondary radiating feed, in accordance
with requirements, of the radiation diagram of the secondary
radiating array and the secondary beam arising therefrom,
according to the invention, the phase-shifters 26 may be
controlled by an electronic scanning control device 28
linked to an on-board computer 29 on the satellite, as
represented for example in FIG. 3c.

In this case, the footprint of the secondary beam 16 covers
a secondary coverage zone 17, 23 the shape and dimensions
of which are adjustable and modifiable 1n orbit, 1n accor-
dance with requirements. The adjustment of the radiation
diagram of the secondary radiating array 13, and of the
resulting secondary beam 16, 1s achieved by the beam-
forming network (BFN), connected to the input/output ports
of the elementary radiating feeds 14 of the secondary
radiating array 13 and 1s modifiable to fulfill requirements,
by the modification of phase law and/or amplitude law of the
BEFN controlled by the electronic scanning control device
28. Specifically, it 1s then possible to form a secondary
radiation diagram for the delivery of maximum and/or
mimmum energy values 1n the selected directions, thereby
notably permitting the synthesis of a secondary beam, the
footprint of which incorporates coverage holes 1 zones
where jammers 6 are located, thereby permitting the elimi-
nation of jammed signals in the secondary beam and/or an
increase 1n directivity assigned to selected zones, 1n order to
ensure the generation of a highly directional point-to-point
link, or allowing the detection of the jammers positions.

The coupling device 30 1s designed, 1n receiver mode, to
isolate an element of the reception frequency bands of the
primary feed and to synthesize, for these 1solated frequen-
cies, with the secondary radiating array, a beam derived from
the synthesis of the elementary beams emitted by each
clementary feed 14, having a footprint 17 which differs from
the nominal footprint 12. For jammed reception frequency
bands, the coupling device 30 may be provided with means
for the replacement 31, 33, 32 of the primary reception chain
associated with the primary feed 11 with a secondary
reception chain associated with the secondary radiating
array 13, whereby the replacement means are connected at
the output of the beam-forming network. The corresponding
architecture of the emitting and receiving antenna which, for
one or more Irequency bands, ensures the protection of a
telecommunication uplink against jammers using the adjust-
ment device according to the invention is represented 1n the
example of embodiment illustrated 1n FIG. 7a. An example
of the location of a number of gateways 5, the telecommu-
nication uplinks of which, from each gateway to the satellite,
are to be protected against jammers 6 at different distances
from each of the gateways 1s 1llustrated 1n FIG. 6.

In the presence of a jammer 6 1n the coverage zone of a
gateway 5, the transmission of signals emitted on a downlink
from the satellite to the gateways 1s not jammed and,
accordingly, does not require any specific anti-jamming
treatment. Consequently, on board the satellite, the emission
channels TxH and TxV of the antenna are conventional, and
no detailed representation or description thereof will be
given. Conversely, upon reception, signals originating from
an uplink, from a gateway 5 to the satellite, are disturbed by
the presence of a jammer. On FIG. 7a, although only
reception frequency bands corresponding to polarization V
are provided with anti-jamming protection, 1t 1s clearly
understood that the corresponding architecture may also be
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applied to reception frequency bands corresponding to
polarization H, 11 anti-jamming protection for polarization H
1s required.

In order to ensure the protection of telecommunications
against jammers located in the primary coverage zone 12 of
the antenna, 1t 1s firstly necessary to be able to 1dentity the
emission frequency and the geographical position of the
jammers 6, and to process the primary reception chains of
the antenna 1n order to ensure continuity of service through-
out the full operating frequency band of the antenna. The
emission ifrequency of a jammer 6 1s generally known. The
geographical position of a jammer 6 may be easily deter-
mined using the secondary radiating array 13 of the antenna.
In order to detect the jammer, one possible way 1s to
synthesize a series of amplitude and/or of phase laws, each
of which will permit the generation of a secondary beam 16,
the footprint of which includes a coverage hole 1n a direction
which 1s liable to contain a jammer, and to apply these laws
to the elementary radiating feeds 14 of the secondary
radiating array 13, 1in order to carry out the scanning of zones
which are liable to contain a jammer, until such time as the
reception channels 1ssued from the secondary radiating array
are no longer jammed. The position of each jammer 6 can
then be refined by the application of finer variations of the
laws of amplitude and of phase around the position detected,
and uncertainties can be eliminated by completing the
scanning of the coverage zone using a directional radiation
diagram which generate a maximum value 1n one direction.

Where the geographical position and the emission ire-
quencies of the jammer 6 are known, the invention involves,
from the primary radiating feed 11, the synthesis of a
primary beam 15 covering the primary coverage zone 12 and
the synthesis, from the secondary radiating array 13, of a
secondary beam 16 covering a secondary coverage zone 17
which 1s superimposed, at least partially, upon the primary
coverage zone 12 and which delivers a minimum gain value
in the direction of the jammer 6, thereby corresponding to
the formation of a coverage hole in the footprint at the
location of the jammer. In reception mode, the mvention
then involves, 1n the primary reception chain connected to
the primary radiating feed 11, the deletion of jammed
operating Irequencies and, in the reception chain of the
secondary radiating array 13, the selection only of those
operating frequencies which correspond to the deleted fre-
quencies 1n the primary reception chain. The invention then
involves, 1 the coupling device 30, the replacement of the
deleted frequencies in the primary reception chain with the
frequencies selected in the secondary reception chain, by the
multiplexing of the primary and secondary reception inputs
of the primary and secondary reception chains respectively,
such that the operating frequency band of the primary
reception channels 1s entirely reconstituted. The deletion of
jammed frequencies 1s achieved, 1 the coupling device 30,
by means of a selective-rejection band-stop filter 33 con-
nected to the reception chain associated with the primary
radiating feed 11. The selection of operating frequencies 1s
achieved, within the coupling device 30, by means of a
selective band-pass filter 31 connected to the reception chain
associated with the secondary radiating array 13, whereby
the band-pass filter 31 1s arranged at the output of the BFN
18. The rejection band-stop filter and the band-pass filter are
centered on frequencies corresponding to the emission fre-
quencies of the jammer, or of the jammers. The replacement
of deleted frequencies in the primary reception chain with
frequencies selected from the secondary reception chain 1s
then achieved, within the coupling device 30, by means of
a dual multiplexer 32 connected to the rejection band-stop
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filter 33 for the primary reception frequency bands and to the
band-pass filter 31 for the secondary reception frequency
bands. The dual multiplexer 1s designed for the multiplexing
of the primary and secondary reception frequency bands
originating from the primary radiating feed and from the
secondary radiating array, in order to reconstitute a complete
and non-jammed operating frequency band prior to the relay
of telecommunications, 1n the emission frequency band, to
end users. This permits the complete reconstitution of the
operating frequency band of the primary radiating feed 11 of
the antenna, and ensures the non-jammed relay of telecom-
munications 1ssued from gateways, for all operating ire-
quencies of the antenna. This architecture therefore permits
the protection of uplinks operating i1n certain frequency
bands, without aflecting the remaining uplinks in other
frequency bands and without impairing the performance of
the antenna 1n said other frequency bands. If the jammer
levels are sufliciently low to prevent the saturation of the
input stage of the frequency converter 38, the selective filters
33 and 31 may be replaced by band-pass filters covering the
entire reception frequency band Rx. The elimination of
jammed frequency bands from the primary reception chain
and the substitution thereof by corresponding frequency
bands 1n the non-jammed secondary reception chain are then
achieved by the dual multiplexer 32, in order to reconstitute
a complete and non-jammed operating frequency band.
FIG. 7b represents a second example of the architecture of
an emitting and receiving antenna according to the inven-
tion, for the protection of a telecommunication uplink
against the risk of jamming. Although, 1n this example, the
coupling device 30 1s connected to the reception chain
corresponding to polarization H, 1t may naturally also be
connected to the reception chain corresponding to polariza-
tion V. The coupling device 30 comprises a switch 34 with
two positions 1, 2, having an input connected to the primary
radiating feed 11, a first output position 1 connected to the
primary reception chain and a second output position 2
connected to the secondary reception chain via an input on
the BFN 18. Alternatively, as represented in FIG. 7d, the
switch 34 may be replaced by a coupler 38 which comprises
an mput connected to the primary radiating feed 11, a first
output connected to the primary reception chain, and a
second output connected to an input of the beam-forming
network (BFN) 18. The coupler may be a fixed coupler,
depending upon the requirement for flexibility and level of
jammer suppression capability, or a variable coupler of the
VPD (variable power divider) type, including a capacity of
coupling coeflicient adjustment. The entire reception Ire-
quency band of the secondary radiating array 13, corre-
sponding to at least one polarization, for example to polar-
ization H, 1s routed via the secondary reception chain on the
input side of the beam-forming network (BFN) 18. At the
input of the BFN 18, the reception chain associated with the
secondary array may also comprise a phase adaptation
section 26 1n order to offset the difference in routing between
the primary reception chain and the secondary reception
chain associated with the secondary array, thereby consti-
tuting a single and umque reception chain for the entire
operating frequency band. It 1s also possible to connect the
primary reception chain corresponding to the polarization V
on the mput side of the beam-forming network (BFN) 18 via
the switch 34 with two positions 1, 2 or the coupler 38.
Depending upon the position of the switch 34, or upon the
coupling coeflicient of the coupler 38, the radiation diagram
of the antenna 1s either the primary beam 15, delivered by
the primary feed 11 and having a footprint 12, or a combined
beam delivered at the output of the beam-forming network
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(BFN) 18 and having a footprint 23. The BFN 18 adjusts the
phase and/or of amplitude for each elementary radiating feed
14 1n relation to the primary radiating feed 11, 1n order to
obtain maximum and minimum energy values 1n the selected
directions, 1n accordance with requirements. In the presence
of a jammer, the location of which 1s known, a minimum
gain value may then be synthesized in the direction of the
jammer. This architecture aflects the entire reception ire-
quency band operating with a given polarization, without
moditying the reception channels of the other polarization.
It permits the protection of satellite telecommunications
against any intentional or unintentional jammer, permits an
increase 1n the gain of communication links in the direction
of the gateways, and permits the formation of coverage holes
in zones where a high risk of jamming 1s foreseen. The
architecture 1llustrated in FIG. 76 delivers higher levels of
rejection and permits the achievement of higher maximum
values by the generation of beams with larger footprints than
those obtained by the architecture described 1n conjunction
with FIG. 7a although, conversely, this architecture does
not, for a given polarization, permit the selection of a
number of reception frequency bands, nor of part of a
reception frequency band. The radiation diagram obtained
using this architecture i the scenario described in FIG. 6 1s
illustrated by the diagram in FIG. 8.

FIG. 7c represents a third example of the architecture of
an emitting and receiving antenna according to the inven-
tion, for the protection of a telecommunication uplink
against all risks of jamming, with a dynamic adjustment
capability, for all reception channels operating with a given
polarization H or V, by the modification of the primary beam
of the antenna using the adjustment device according to the
invention. In this example, all the reception channels of the
secondary radiating array 13 corresponding to the polariza-
tion H are connected on the input side of the beam-forming
network 18. At the mput of the BFN 18, the reception chain
associated with the secondary array may also comprise a
phase adaptation section 26 in order to offset the difference
in routing between the primary reception chain and the
secondary reception chain derived from with the secondary
array. The beam-forming network (BFN) 18 adjusts phase
and/or of amplitude of each elementary radiating feed 14 1n
order to obtain maximum and minimum gain values in the
selected directions, 1n accordance with requirements. The
coupling device 30 connected to the reception chain of the
primary feed 11 and on the output side of the BEFN comprise
a coupler 37 which, at the output of the BFN 18, combines
the reception chain of the secondary array with the reception
chain of the primary feed 11 to form a composite beam
which ensure the tlexible coverage zone 23. This architec-
ture permits the adjustment of the primary beam of the
antenna, 1 reception mode, in accordance with risks of
jamming and on a continuous basis, by the reduction or
rejection ol jammed zones, thereby eliminating any risk of
intentional or unintentional jamming, without interrupting
communications. The architecture illustrated in FIG. 7c
permits the adjustment of the radiation diagram of the
antenna on a continuous basis. The diagram obtained using
this architecture, in the case of the scenario described in FIG.
6, 1s illustrated 1n FIG. 8c.

FIGS. 8a, 8b, 8¢ illustrate three examples of radiation
diagrams, 1.e. footprints, corresponding to the primary beam
modified by the secondary array of the antenna, and obtained
respectively by the architectures shown 1n FIGS. 7a, 76 and
7¢ for the scenario illustrated in FIG. 6. For FIG. 8¢, the
coupler used 1s a fixed coupler, in accordance with the
requirement for flexibility and rejection. Alternatively, the
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fixed coupler may be replaced by a variable coupler of the
VPD (vanable power divider) type, incorporating a capa-
bility for the adjustment of the coupling coeflicient. FIGS.
8a, 85, 8¢ show that the gateways 3 are situated in a
coverage zone of the antenna where the radiation of the
primary beam, modified by the secondary radiating array of
the antenna, has a maximum directivity of the order of 26
dB1, whereas the jammers 6 are situated 1n coverage holes 40
where the radiation of the modified primary beam has a
directivity of the order of 5 dB1, and 1s therefore significantly
lower than the maximum directivity.

Although the invention has been described with reference
to specific modes of embodiment, it 1s evident that 1t 1s by
no means restricted thereto, and includes all technical
equivalents of the means described, and combinations
thereot, where the latter fall within the scope of the inven-
tion.

The invention claimed 1s:

1. An emitting and recerving antenna for a telecommuni-
cations satellite, said antenna comprising:

at least one shaped reflector;

a primary radiating feed having a primary reception chain,
said primary radiating feed configured to generate a
fixed primary beam with a nominal footprint; and

an adjustment device configured to adjust the primary
beam, wherein said adjustment device comprises:

a secondary radiating array comprising a number of
clementary radiating feeds accommodated around
the primary radiating feed,

a beam-forming network connected to the elementary
radiating feeds and configured to synthesize a sec-
ondary beam having a minimum energy value 1n a
direction of a jammer and having a footprint which
1s superimposed, at least partially, upon the nominal
footprint, and

a coupling device distinct from the beam-forming net-
work, the coupling device comprising:

a first input connected to the primary reception chain
of the primary radiating feed,

a second mmput connected to a reception chain of the
secondary radiating array,
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a first filter having an input connected to the primary
radiating feed,

a second filter having an input connected on an
output of the beam-forming network, and

a dual multiplexer comprising two inputs connected
to respective outputs of the first filter and the
second filter, wherein the dual multiplexer 1s con-
figured to multiplex reception frequency bands of
the primary radiating feed and the secondary radi-
ating array in order to reconstitute a complete and
non-jammed reception frequency band.

2. An antenna according to claim 1, wherein the first filter
comprises a selective band-stop filter, and the second filter
comprises a selective band-pass filter, the selective band-
stop filter and the selective band-pass filter being centered
on frequencies corresponding to emission frequencies of a
jammer.

3. The antenna according to claim 1, wherein the first filter
and the second filter are band-pass filters covering a totality
ol a reception Irequency band of the antenna.

4. The antenna according to claim 1, wherein the coupling
device further comprises a switch having an input connected
to the primary radiating feed, said switch comprising a first
output position connected to the primary reception chain and
a second output position connected to an input of the
beam-forming network.

5. The antenna according to claim 1, wherein the coupling
device further comprises a coupler having an input con-
nected to the primary radiating feed, said coupler compris-
ing a first output connected to the primary reception chain
and a second output connected to an mput of the beam-
forming network.

6. The antenna according to claim 35, wherein the coupler
comprises a variable power divider.

7. The antenna according to claim 1, further comprising
an electronic scanning control device linked to an on-board

computer, said electronic scanning control device being
connected to the beam-forming network.
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